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‘flo achieve a tho : 
the Piolsintoa siineile aed under ee of a complex subject like chemistry, it would bé highly desiralile to fit all 
gical pattern. The periodic table of elements has served the purpase to systematize the properties 


of the elements for w ar 1G 
i cll over 160° years. The development of periodic table is one of the most significant achievements in.- 
_ the history of chemical sciences 


Periodic table 
SA table abtained by the arrangement of elements into periods 


_and groups is called periodic table”. 
Usefulness of pericdic table 


The periodic table provides abasic ft wanework to study the periodic ss Raviour of physical and chemical properties 
eficlementsia as well as Heit compounds, 


The: Sail history of ideas Sending up: -to the: fr ‘odie elassification ef elements is fasciniating, but will not be 
treated here in detail. Those who made memor able contmautions inthis field are 


Al-Razi . | 
Me organized the (ais wn clement and compounds. His classification was based upon the physical and chemical 
propertics of elements and compounds. ; 
Dobereiner’s Triads © se ee abe s ; 

In 1$29, a German chemist, PDobereiner arranged then known éleme hts in groups called Tr iads, as cach contained 


three elements with similar properties. According to his law of Triads: 
“The atomic mass of middle element is the average of atomic masses of 


other two elements ofa tr jad.” 
Some Dobereiner’ s Triads 


Atomic mass of Na = 


404137. 
Di : 


Atomic tass.of St = 


35.54-127, 
Atomic mass of Br = = eB =81.25. 


Demerits 
, Dobereiner’s idea © 
Newland’s Law of Octaves 


In 1864, ani: ivelish chemist, ¢ Octaves: 
a te 
-. utomic masses. ‘According io his‘law © 


rol ssi ficati a failed because only a few. elements could be covered under triads. 
c a ‘LC . = BaP are En ae cs ! 


John Newland classified 62 elements, known at that'time, in inereasing order of their 
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“If the elements are arranged in the increasing order oftheir Soa 
atomic masses, every cighth (8) clement had sonic 
properties in. common with the first one.” 


Newland’s Octaves 


| Lia) | Be@ | Ban | car [Now [oa | Fay 
.Na@3) | Mga) | An@7 | sis) $62) | Cli@5.5) 
Keo) | exao [riae) [oan [ones fre Got waco] 


Demerits ; 


i) Itwas found thatthe law ofi Octaves.was applicable:only upto calcium; as:afier calcium.every eighth clement didinot 
possess: properties:similar toithat of the'first. ; 


(ii) 1 was.assumed!by Newland that: only 62: elements existed in nature:andino more:clementswould!be discoverediin the 
future, But, later. on, severalinew elements'were discovered, whose propertics didnot: fitinto the law of Octaves. 
(iii) The above sequence ofielements was disturbed withithe discovery ofnoble gases. 


or 


Era SS ROE 
leev/s|/Periodic Table 
In 1871, Russian Chemist, Dmitri Mendeleev, gave a more useful! and’ comprehensive scheme’ for the 
classification of elements. He presented’ the first regular periodic table in which elements of similar chemical. properties 
Were arranged in:cight vertical|columns:callediGroups. The horizontal\rows of the'table were called'Periods:andithere are 
12 Periods:in|Mendelecv’s periodic table. 


Mendeleev’s Periodic'Law. 


“If the-clements:arearranged in ascending:order of:their-atomic masses, theirchemical|propertics:repeatiin 


. aperiodic manner.” - : 
Significance of Mendeleev's Periodic Table 
Some important: contributions of Mendéleev's periodic Table are: 
» Systematic study of elements 
Fle made the study of 105:elements quite:convenient. Knowing theiproperties ofione elementiin'the.group; 
the properties of other clements in the group can be guessed: Thus it becomes very useful in studying and 
remembering the properties of a'large number. oficlements. 
Prediction of new elements 
While arranging élements; he left certain vacant places. These gaps represented’ the undiscovered 
clements. Mendeleev predicted | the properties of these undiscovered! elements Om the basis of:their. positions. For 
example, he predicted the properties of scandium, gallium and germanium, which were discovered! later. The 
pbserved properties ofthese elements: were found to/be similar to\those. predicted'by Mendeleev. 
Correction of atomic masses 
The Mendeleev's periodic table helped’ in correcting the atomic masses of some elements based on) their 
positions in the table. For example, atomic mass of beryllium was corrected from 13.5 :to 9. With:the'help ofthis 
table , atomic-massesiof indium, gold; platinumietc., were corrected. 
Valency of Elements | 
Mendeleev's classification helped in understanding the valency of elements. The valency ofthe elements 
is given/by. the group number. 
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Defects in Mendeleev's periodic Table 


In spite of its usefilirole inithe study of chemistry, Mendelcev's Table possessed many drawbacks, Some 
of these drawbacks are: : 


Position of hydrogen: Hydrogen is placed in Group JA. However, it actually resembles. the elements of 
Group-IA. {alkali metals) as well asthe elements of Group VII-A (halogens ). Thus, the position of:-hydrogen in 
the periodic table is: noticlear. 

Position of isotopes: On the basis of atomic weight, various isotopes of the same elements should be 
assigned different:places inthe periodic tableyMendeleev-couldnot:provide separate places for isotopes. 


Position of janthanides’ andl actinides: Fourteen elements following Lanthanum: (known 
as lanthanides or rare carths) and the fourteen elements following. Actinium (known as actinides or transuranic 
elements) have not been provided separate and proper places in the Mendeleev's table, rather. they. have been 
placediin:two rows atithe bottom ofthe table. 


Dissimilar elements placed together: Noble metals like Gu, Ag and Au are placed along with 
chemically dissimilaralkali metals in Group I. Similarly, Mn possessing very few. similarities with halogens have 
been)placediin VIligraup, 


Similar elemefits separated: In Mendeleev's periodic table, certain chemically similar elements such as 
copper.and meretry;.zold and platinum have! been placed iin different. groups. : 


Anomalous pairs : In the Megdeleev's Table based on atomic weight, the positions of-certain pairs , e.g. 
Argon( at. wt = 39:94) and potassium (at. wt = 39.1) : Gobalt(atwt =58.93 }:and‘nickel!(.atomic weight ='58.71): 
Tellurium (atomic weight = 127:60) and iodine (atomic weight = 126.90 ). would be reversed. In other words, 
certain pairs of elements are misfit:in the: periodic table, iftatomic weightiis the basis ofi classification. 


What-are the improvements made’in the Mendeleev's periodic table? 
area 


IMPROVEMENTSIININ 


_ (i) Atomic'Number 


The'elemenits.were arrangediin ascending order of their atomic numbers instead ofitheir atomic masses. 

(ii) |Extra' Group : oe . 
For the arrangement of' Noble gases, one extra group (VIIA) was:added at the extreme'right'ofithe periodic table. 
These gases ‘had not! been discovered in Mendcleev’s time. 

(iii) Sub-group : 
in Mendeleev’s Periodic table, the elements like Be, Mg, Ca, Sr, Ba, and Zn, Ed, Hg were placed ina single 


verticaligroup although they possess differentiproperties, | ; 
‘This confusion was removed by. dividing the elements in two'types of vertical group A.and|B. 


(iv)/Position of Isotopes 
If the elements are arranged in the order of thei 
large. number of isotopes. This ‘problem was so 
numbers. 


(v)/ Regular Arrangement of Pairs Bree len ie . A 
Anomalous pairing can be rectified by arranging them in increasing order of their atomic numbers. ¢.g. 17 
g i 


should be placed! before jsK. Similarly n€o should be placed before 2gNi and 's2Te should'be placed before sal: 


f increasing atomic masses, it-is'riot possible to:accommodate a 
ived by arranging elements in ascending order of their atomic 


“If the clenients are arranged in ascending order of their atomic 
nee nes eae chemical properties repeat in a periodic manner.” 
us law was introduced by Moseley in- 1911, O i sith 
, x . On the basis iodi / i 
sl basis of modern periodic law. Bohr introduced modern 
ee VioderniPeriodiczrable 


wing are the essential features of the periodic table, 
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Elements with similar properties are placed:in vertical columns called groups. 
a ‘There are cight (8) groups, which are,usually numbered|by Roman numerals [to VIL. 


+ Actinide series : 


‘o Fah group is divided'into two sub ‘groups. 


—, A Subgroups: Containing representative or normal elements. 
+» B Subgroups: Contain less typical elements, called transiton elements and are arranged in the centre ofiperiodic table. 
o [Elements of same group\have similar chemical properties due to same valence shell electronic configuration. 


2 Usually number of valence electrons is same as thatof group number. ° 


“Ihe horizontal: rows of elements:in periodic table are called|periods.” 


[he essential features of periods.are-as follows: 


(a) There are 7 periods in the:periodic table:numbered'by Arabic numerals’] to 7. 

(hb) ‘The period i contains only two elements, hydrogen:and helium: 

(c) The periods 2 and 3 contain eight elements each and are called short periods. All the elements in these periods on 
representative elements-and belong:to-A subgroup. Inithese periods. every eight element resembles:in propertics with 


the first element. Ag lithium and beryllium in, the 2" period resemble in most of their properties with sodium and 


" (iv) Noble gases: The gases of VIIA group (fe, Ne, 


7 | id . : wena . 
magnesm of the 3"° period, respectively. Similarly, boron and aluminum both show oxidation state of +3..fluorine 
in 2" period'has close resemblances with chlorine of 3™ period. 


(d) The period 4 and 5 contain eighteen clements each and are called long periods. Out of these, 8 are representative 


elements whichibelong to A sub-group. Whereas the other 10’elements, placed in the centre ofthe table, belong to B 
subgroup and are known as outer transition elements. In these periods, the repetition of properties among. the 
elements occurs after 18 elements. As after jgK (having-atomic number 19) the next clement with similar properties 
is 37Rb. 

(c) The period 6 contains thirty-two.clements andjis called very long period. In this period there are eight representative 
elements, ten transition elements anda new. set of faureca elements.called Lanthanides as they start afters;La. 
Lanthanides have remarkably similar properties and sre‘usually shown separately atthe bottom of the periodic table. 

(f) ‘The period 7 is incomplete so far, It contains only two normal clements g7Fr and ggRa, ten transition elements-and 
14 inner transition elements whielare called Actinides, as they follow g9 Ac. The actinides are. also: shown at the 
bottom of thelpériodic table under the Lanthanides, Due to their scarcity, the inner transition elements are also‘called 


rare earth/elements. 
Number of elements in different. periods 


rE ye 
lectronsitc 


eimore|ramiliesinithe 


Families in.periods ~ 
While studying about periods. it is observed that 
common names such as transition elements. Lanthanides, 
Families in groups 
Due:to their peculiar c 
family names. 
(i) Alkali Metals: llements of group 1A (Li, Na, 
r, 2Na+211,0-—>2Na0H + Hp 


certain: rows of elements with similar properties have assigned 
Actinides or Rare’ Earth elements. 7 


haracteristics, some'typical clements:belonging to'sub-groups:A and ‘Bi have! been‘ assigned 


K, Rb, Cs. Fr) are called:alkali metals: because of their property to 


form strong alkalies with wate 


(ii) Alkaline Earth metals: Elements of group HA (Be, Mg, Ca 
Earth's crust and alkaline. character. 


of group VITA\(F--GI, Br, I; At)are called |halogens due to|their salt forming properties. 


, Sr, Ba, Ra) are known as alkaline earth: metals 


because of their, presence in 


(iii) Halogens: Elements 
Ar, Kr, Xe, Rn)-are:calledinoble gases. because of their least 


reactivity. : 
q. \BlocksiniRerio 


@:5. How the ‘classification 

of elementsiin different: blocks 
helps in understanding. their 
‘|icchemistry? 


Elements inithe per 
classification is based’ upon the valence 
chemical'bonding. : 

(i) s-block 

Elements of IA and: HA su 

ailable in “5” orbital. €.8- 41 Na 


iodic table can be classified into ‘four blocks. This 
orbital of the element involved in 


beroups including Helium (lic) are. called s:block element because their: valence 
: =1s*.2s”,2p.3s! so, sodium belongs to s-block. 2 
electrons are. av: ° 


6 c 
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(ii) p-block 

The elements of IIIA to VIIA except Helium (He) are known as p-block elements 
present in p-orbital ,,Cl= Is*,2s*,2p° 357, 3p5 so. chlorine:belongsito:p-block. 
(iii) d-block 

In transition elements, electrons in d-orbital are responsible for their v 
elements 5, Fe= 1s*,2s”,2p°,3s?.3p®,ds?,3¢® 
(iv) f-block 

In Lanthanides and Actinides valence electrons are present in f-orbital 
elements sg©e=18",2s",2p°,3s*,3p®, 4s?,3d!” ap® 5s? 4d! sp°, 652, 4? 
Importance 


as their valence electrons are 


alency hence they are called d-block 


hence these clements are called f-block 


This classification ‘is quite uscful in understandin 
especially the concept of valency or oxidation state, 
Sanaa 
dM 


als, /Non-metalsjandMetalloids 
Another basis ‘for. classifying.the clementsiinithe periodic table is:their metallic character. 
Metals 
e Generally the'elements.on the leftihand/side, inthe centre:andiatithe bottomiofithe: periodic table are metals. 
Non-metals 
° Elements inithe upper righticorner-ofithe periodic table are non-metals: 


° Inthe periodic table elements of groups IVA to VIIA, at the top right hand\comer above the stepped line, areinon- 
metals. 


ig the chemistry of elements and predicting their properties 


whee 


etalloids : 


Some clements; especially lower members of groups, IIA, IVA: and VA: have propertics of both metais,as ‘well\as 
non-metals. These elements are calledisemi-metals or-metalloids: 


° The elements,just under. the “stepped!line™ such as Si, As;.and Te areitheimetalloids. 


Q.14'(a) d.andif=Block elements are'called transition elements. 


FG = The d:block. and the f-block\clements:are called transition elements! because they are’ locatedibuiweenthe's and|p= 
block elements and their, properties arc in transition | between the metallic elements ofithe $:block-and nonmetallic 
elements ofithe;p-block. 


_} (MetallicjElements 


Distinguishing iluster:(shine) 


hiysi 
In modern periodic table the elements are arranged in. ascending order of their atomic numbers and ae 
classification in groups and periods is based on the similarity in their properties. Yct,.due to)the gradual increase 1n|the 
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number of protons in the: nucleus and electrons in outer shells, the physical and chemical properties of the elements 
steadily vary within‘a group ora period, Following:are the periodic:trends in some physical properties of elements. 


The repetition of properties of elements in periodic table 
after. regular. intervals is called periodicity. 


(i) Atomic Radius 
The halfiofithe distance between'the centres ofitwo'bonded atoms oftany elementiis called atomic radius. 


or. 

The average distance’ between the nucleus'ofian ator: andiits outermost:shell'is callediatomic-radius, 
Periodic Trend = 
(a) Across the Period: Atomic radius decreases left to right in a period: This is go 
because of: ; 3 200 
© Increase in‘atomic number. 2 40 
© Increase in the positive charge in the nucleus: As positive nuclear charge 5 "| 
increases, the ne¢galively cliargediclectrons in\the shells are pulled closer tothe 5 400 

nucleus. a 

2 50 


(b)|Down ithe Group: Atomie.radius:increases down'the group. This is because of: 
© Increasein'number. of'sliells. A a ; 
© Increase im shielding effect down the group duc to increase in intervening 
electrons. Thus:atomic radius increases, 
(ii) lonic Radius | ae fount" 
‘Tesize ofian\ion.when itis supposed to'be'sphericaliis callediionic radius. 
Formation ofication E 


3°44 «19° «37° «55 
Atomic number 
Atomic andiionic radli 
ofalkali:metals 


“A. cation \is formed when an:atom lose electron‘or:clectrons.” a 

A —> A* +le7 2 

Ares : cation = 
Periodic Trend 
a) Acrossithe/Period. ; ae E 2 
oe Within: a\period isoclectronic positive ‘tons show decrease in ionic radius from g 


Nat! >Mg*? > AI? 


Ieftito right!because of increasing nuclear charge. 
os 32 yer! 
similarly P> > S* > Cl 


Atomic number 
‘Atomic’andiionic radii 
ofihalogens. 


(b)iDown\the'Group 


‘Inithe group ofithe periodic table, similar.chargediions increase;in size from top to'bottom. 


Radiiofiso-electroniciions = 


| —— at re ne 7 
||Number.of.electrons_. 


; = : rer FIA pth 3" period: 
Q:14(b) Lanthanide 'contraction:controls the atomic sizes ofelementsof6" and7 period. _ = 
ihe atady d se inthe size of om: ie f the: hiel ts with 
ans} i fion is:the steady decrease in\the size of the atoms and ions of the'rare earth element wit 
= Seat ber. from lanthanum (atomic number. 57) through lutetium (atomic number ” duke i 
aan fen lear clarke is more positive by. one unit, accompanied' by a Cores one a ae 
consecutive atom't en sent in the 4forbitals surrounding the nucleus. The 4felectrons very inet a er 
LES ae Pereased positive charge ofthe nucleus, so\that\the effective nuclear charge attracting 
eachother :from the ased | post” , 
electron'steadily increases through the lanthanide elements. 


: : Chapter 4 (P 
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Q. Why the size of cation is always smaller than its parent atom? 
= . a " ed 

NG A cation is formed by the loss of one or more electrons from a neutral atom. The size of cation is always smaill 
than its parent atom: This is because of: Ss he 


© Removal of one.or-more electrons from neutral atom usually results inthe loss of outermost shell 


Removal of electrons causes an imbalance in proton electron ratio, Due to greater attraction o 


Sue : f nuclear 
remaining clectrons of ions are drawn closer to the nucleus, charge, the 


Example Na 


> Nav” + lem 
157 pm 95 pm 
Q.7_ _ Why theiionic radii of negativeiions are'larger-thanithe size of their. parent atoms? 
°F : ; Mae: 
Ansi When aineutral'atom:gains one or more electrons, itihecomes a negative ion. The size of the ion is. increased 


because of'two reasons given'below:- 


(i), Ancoming electron is repelled: by the valence electron. So, in order to add this incoming electron; the 
expansion of the shell takes place which ultimately reduces the repulsion. 
(i) Imbalance in.electron:and| proton ratio occurs. 
As aresult. thie ionic radius of negative ion becomes greater than the size of its parent atom. 
Example: Faz) + le’ — > Fry 
72 pm 136 pm 
The radius of F-atom is 72 pmiwhile that of Fluoride ion (F*)is 136.pm. 


BellonizationEneray 


OME 
“Thei minimum amount of energy which is required to remove anjelectron fromthe outermost shell/ofian isolated 
gaseous atom is called \ionizationenergy.” : 

Examples 

1. Na ——> Na*!+vle™  1=496kJmol™! - 

2. Elements with greater number of electrons have more than one values of 
ionization energy. So for magnesium. the first ionization energy value is: the 
energy required'to remove the first electron. 

Mg >» Mg +te7 1, = 738: kJmolr! 
Similarly, the second’ ionization energy value is the energy required to 
remove the second'clectron: ; 

Mge7!—> Mg +e" 1p = 145 1'kJmol! 


Factors effecting !onization Energy 


Q:8. Why ionization energy 
decreases down the group) and 
increases alongaiperiod? N 


- oop I 
(i) Atomic:Size: Atomic size oe 


(ii) Nuclear charge: Nuclear.charge « LE 


(iii) Shielding effect: Shielding effect a 
(iv) Stable-electronic configuration _ . 3 2 
(v) Penetration Effect: s>p>d mf 
Periodic Trend 
(a)'Down the'group- 
The value of ionization energy decreases from top to\bottom in a group. 


lonization:energies (IK.Jmole'') 


03 1 #19 37 «55 
Atomic number 
lonization.energies of 
Alkaliimetals 
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Due to: 


2 Addition-of an extra shell successively in cach period’ hence more number of 
electrons shieldithe nucleus. 

e The nuclear charge increases but as the size of the atom-and the number of 
electrons causing the shielding. effect also increases therefore ionization 
energy decreases from top'to bottom. 

That is why in:alkali metals, for example, it is casier.to remove an electron from 

cacsium-atom than from lithium atom. 

Across the period 

The valuc of ionization energy increases from Ieft'to right.in a period. Onaisi iOiis 20) 

Reasons Atomic number 

e Duc to decrease in atomic radius nuclear charge increases, more strongly lonization energies:of 
electrons are bound to theaucleus and hence higher the ionization energy of elements of-shortiperiods. 
the atom. 

o Nuclear charge incretises effectively. that makes removal of electron difficult and hence value of ionization energy 
increases. 

¢ Shielding efvetalmost remains constant, 

The figure also/reveals:that inert gises have the highest values of ionization energy because due to;complete, outermost 

shell inithem, ihe removal of electron:is extremely. difficult, 


tonization energies (KJmole' 


Q. Why second IE value.is always greater.than firstiE value? 

Ans: Energy required to remove electron from a.unipositive ion is called’second ionization energy. — 
1, =738:kJmol! 

My’!——> Mg’? +1e7 1 =1451'kimol 


The value of sccund'i.E is greater due to 
(i), Small cationic radius than parent-atom. — 
(ii) Greater nuclear attraction on the remaining clcciron. 


“The enerey released or absorbed, when an electron is added'to.a valence shell of an isolated gascous atom to 


Msg — Mg"! +1e- 


forma negative ion is called electron affinity.” 
c.g. <> Pe ik EA = 337 niom, 
Factors Effecting the-Electron Affinity : 
Following are the factors which effect the clectron affinity. 
5 ew feel 
(i) Atomic'size: Atomic size ~~ 


) Nuclear charge: Nuclear.charge < E.A 


] 
(iii) Shielding effect: Shielding effect < an 


lati i fo vacancies:i emiost shell 
iesi : I - Relatively smaller atoms with once or two vacancies.in the outemnios 
(iv) Vacancies in the outermost shell: Relatively 


show large values of electron affinity. 


Periodic Trend 
{i) Acrossthe Period 

~ Across:the period el 
° Increase!in atomic.number. 
2 Decrease in atomic radius. 
© Shielding effect almost remains same. 
{ii) Down'the group 

When we mov 

shielding effect. | 


ectron affinity increases duc to: 


P increase i i jus and 
{rom top to bottom in the group, electron affinity decreases duc to increase in atomic rad 
e ir 
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Important Point 


Knowledge of electron affinities can be combined with the knowledge of ionization energies to predict:which 
atoms can easily lose electrons and which can accept electrons more readily. * 


Q.9. Why the second value of electron affinity of an. elementis usually shown with a positive sign? 


A Usually the electronegative elements release energy when first electron is added into them. But when a second 


electron is added in a uni — negative ion, the incoming electron is repelled by the already present negative j 
(charge). Iniorder to overcome this repulsion, energy is absorbed during the.process. Thus the fonnatise af di 
negative ion is an endothermic process andiits electron affinity ‘is shown with positive sign. oe 
O+e >O@  EA\=- 141 kJ mol! 
O@ +e 307  E.A,=+780kJ mol"! 


Ta 
y 


AIS 
Elements in periodic table canibe divided into metals, non-metals and metalloids. 
Characteristics of Metals 
° Metals are good conductor of'heat:and electricity. 
° They bave tendency to form cation'by losing.electrons, 
e They form basic oxides:which give bases when dissolvediin water. 
e.g. Na.O + H,0 >» 2NaQH (base) 
Periodic Trend of Metallic Character 
“The tendency ofjan clementto lose electron.and form a positive ion is called metallic character”, 
° Down:the group: As.it becomes casier to remove the electroniof an atom bigger in'size, therefore metallic character 
increases from top to!bottom ina given group ofielements. 
° Across the period: Metallic character decreases from left:to right across a\period, The elements of group VIIA\ (the 
halogens) are least:metallic-ininature, ' 
Characteristics of Non-Metals 
e ‘Non-metals are poor conductor ofiheatiand electricity. 
© They have tendency to form negative ion (anion))by gaining electron. 
° Non-metals form acidic oxides which yield\acids:when dissolved 'in-water. 


Qi10. Why metallic character. 
increases:from.top to bottom ina 
group of metals? 


e Allithe gases are nonmetals..¢.g. | SQ;+ H,;@ ——»H;SO, 


Periodic Trend of Non-Metallic Character 

(i) Down the group j 

e Non-metallic character of'an:element decreases as the atomic'size increases. Therefore in'a group ofinon-metals like 
halogens, the non-metallic character:decreases fromitop to bottom. The'member attlic top, fluorine, isthe mostinon- 
metallic element ofthe periodic-table. : ; : 

° In\the:elements:ofi groups VA and’VIA, nitrogen and oxygen are.pure non-metals-and (usually. exist in)gaseous state 
while bismuth andipolonium, the members:at:the' bottom ofithese groups, are fairly metallic injnature. 

(ii): Across:'the'period , : 

Due:to decrease in.atomic size, gain ofielectron.increases, as:a'result'non-metallic character increases. 
2" Period 


Metals Non = Metals : 


(having least:non-metallic character) 


Non- metallic characterincreases 
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Q.11 Explain the variation in melting.points along:the short periods. 


Q.14'c The melting and boiling.points of the elements increase from left:to the right upto the middle of s-and p-block 
elements and decrease onward. 


Melting andiboiling points of clements tellus something about/how strong the atoms or molecules in them are 
bound together, j 


Periodic Trend 
(a) Variation:in a Period 
e Across the-short periods, melting and boiling points of clements increase with 


the number of valence electron up to group IVA. 

® The group IA elements\have low’melting and|boiling. point because each atom 
in them provides only oneelectron to form a'bond with otheratom. 

° . The group WA. elements have considerably higher melting and boiling points 
than those ofigroup [A.clements because-each atom)in them provides two binding 


Melling Points (?C) 


{ o 5 10 15.220 
electrons. Se 
o «Carbon has the maximum number of binding electrons, thus it has a very high 5 ee a 
melting point in ‘diamond in which each carbon is bound to four other carbon with atomic number” 


atoms, In general, the elements which exist as giant:covalent:structures have very 
high melting-and boiling points, 
© Melting points of group IVA to VITA: When we move from group IVA to 


¢) 


group VA, VIA and VIIA asthe lighter elements of these groups exist as small, = 
discrete covalent molecules, rather than as. three dimensional lattices, For = 
instance, nitrogen, oxygen, and fluorine exist.as individual: molecules\which have 2 
very weak intermolecular forces and'hence they have extremely low melting and =) 
boiling: points. 3 


(b) Variation ina Group . 

2 The melting and boiling points of IA and UA group elements decrease from 0 20 40 60 80 100 
top to bottom due to increase in their atomic sizes, The binding forces present ‘Atomic:number ; 
between large sized atoms are relatively weaker as:compared to those between Melting points of Group I! Elements 


smaller atoms. aes 
° Group VIIA clements which exist in the form of molecules, the melting and 


boiling points increase down the group. This is because large molecule exerts 5 
stronger force of attraction'duc to their higher.polarizabilities. 5 
—— 2 
6: (Oxidation State i 
ee a ; = : : 

“The Oxidation number of an atom ina compound is the charge (,vith the a 
x . . - und.” g 
jen) which it would carry in the compo g 

aay lito‘the number of’electrons gain or lose by the ie 0 20 4060 


e In ionic compounds, it is. cqual 
atom. e.g. In sodium chloride ox! 
Na"! Cl". 

© In-covalent compounds, it is deci 


electronegativities. 
e.g, SnCl;is acovalent:compo 


-e In free state, (Ch, Br:, O2, H; etc.) ON! 


dation state of Na is +1 and chlorine is —I Le. Atomic number 
Boiling (—) And melting 


ded ‘on the basis of difference in;their relative points (:..:) 


und ‘in which oxidation state of Sniis +4.and of Cliis -1. 
dation state of clements is zero. 


42 c ‘ ie <a 


hapter 1 (Periodic Classification of Elements and Periodicity) 
Periodic Trend © 
(a) Across the Period 
Typical elements (Subgroup A) 
The oxidation state of a typical element is directly or indirectly rel 
belongs in the periodic table. 


(i) The clements of IA to IVA have the same oxidation-states as:their group numbers are. Justas B, Al and'Gaibelong 
to group ITA, hence, they always.show oxidation state of +3. So, for the elements of these groups, the oxidation 
state is same as the number of electrons present inthe valence shells ofithe:elements. 


r 


ated to the group number to which the clement 


(ii) For the elements of group VA, the oxidation states are cither the number of clectrons)present in the valence shell 
(Which is same as their group number) or the number of vacancies-available inithese shells, For example, N, P, As 
and Sb frequently show +3 as wellias +5 oxidation states, 

(iti) Elements of group VIA show almost similar behaviour. In H2SO, sulphur shows the oxidation state of +6, which 
is the number of electrons in its outermost shell whereas its oxidation state is -2 in H3S, which isthe number of 
vacancies ints outermost shell, : 

(iv) In group VUA elements, oxidation state is always -1, which is again the number of vacancies in their outermost 
shells. 

(v) 


Group VINA elements, which are also called:zero group elements, usually show zero oxidation state because there 
is no vavancy initheir outermost shells; 
Transition\Elements (Subgroup-B) ~ 

‘Transition elements, which are shown in B subgroups of the periodic table, also show Uje oxidation states equal'to 
their group number as it can be seen for Cu(1), Zn(1D), V¢V), Cr(Vl).and Mn\(Vil), But due to greater-number of valence 
electrons available in partly filled d-orbitals, these clements usually show more than one oxidation states: in. their 
compounds. 


’ (b) Down the Group 


Duc to samg outermost shell.clectronic configuration, the clements:of same, 1roup!have same:oxidationistate, 


Q.14 (d) The oxidation states vary in:aiperiodibut remain almost constant.in aigroup. 


Oxidation state of an clement.depends directly or indirectly onthe number of valence electrons or the number of 
vacancies available in\the valence shell: 
In a period, when we move from left to: right, the number of valence electrons g0cs on increasing soithe oxidation States 
of eleménts also change accordingly. - 


Inia group, due to/same outerniost shelliclectronic configuration; the elements of same. group!have same)oxidation'state. 


Oxidation state of aniclement is:directly or indirectly. related ito the number. of its valence electrons or the number 
of vacancies available in its valence shell. Incase of noble gases, their-outermost shells aré:completely fillediwith 
clectrons andino vacancy is available in\their outermost:shells. Thus, these gasesiuisually show»zerotoxidation:state 
withireference to'which they are:often:calledizero group elements. 


One of the most fiuniliar properties of metals is their ability to conditet clectricity: This) property isimainly due to 
ihc presence ofrelatively loose:electronsiin|the:outermost shelliofielement and ease/of their movement in)solid'lattice. 
Periodic Trena : ) 
6) Theclectricai conductance of metals:in groups)lA.and | Ay generally increases from |topito'bottom. However, the 
trend 45 nei free trom the individual variation in differentiatoms. 

(1) Meials:ol group 1B, which are/known)as coinage: metals, have extraordinary high values oficlectrical ee 
/ Y tri ibe: i ‘as 
9) Nonmagls «specially of groups VIA\and VIIA,-show. such low electricaliconductance that they can be:considere¢ 
NopeGadvclers: 
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- (iv). In\the series. ofitransition metals, the valu 


: es of electrical conductance'vary so abruptly that no general trend can be 
assigned to them. : 


. . . : : 
(v) Carbon, in the form of diamondiis:non:conductor because its valence electrons:are tetrahedrally bound and unable 
_ tas . . . - . 
to,move freely, While in'the form of graphite, carboniis fairly good conductor because one ofiits four valence 
electrons‘is relatively free to move. : 


(vi) The lower elements of group TVA\tin and lead} are fairly good conductors and their-values ofielectrical conductivity 


are comparable with those ofitheir. counterparts ingroup 1A. 
eee 555 


Q.13.  Why.diamondisa non-conductor and graphite is fairlya good conductor? 


fig Diamond as. anon-conductor:- 


In diamond, cach carbon atom is sp? hybridized and forms four sigma bonds with four 

other carbon atoms. Sigma bond is @ very stable bond and c-electrons are highly 

localized. They can’t move ffom one:place to another. As no free ¢lectrons are available 

in diamond soit is a non-conduetor of heat and electricity. 
Graphite as a conductor:- 


In graphite, each earbon is sp’ hybridized and forms three o-bonds with other. 
carbon atoms, Their unhybridizedip — orbitals bound\to form:a-n-electrons cloud 
between two layers of graphite, These-n-clectrons:are highly.delocalized'so they 
can conduct electricity parallel tothe layers. In graphite7hexagonal ‘structure is 
present» That’s why graphite is a good conductor parallel to layers but not 
perpendicular to the layers. 


: oe WEB GIR 


SS St pe en ee 
s:inivdration‘Energy | ae 

“Thie heat-absorbed:or-cvolved when one: mole ofigaseous ions dissolve 

in:waler-to give.an infinitely dilute solution is;called|hydration energy. Sv 


- = “1 
Hi) + H3Q~) ——> H3O(aq) AH, ==1075}ismol 


Example 


Factor. : , = eye ee 
Hydration energy:highly depends:upon charge density.(charge to size ratio) ofithe:ions, Greater’ the:charge density 


higher will!be-the hydration energy andivice versa. 


Periodic Trend ef. ; ae te le 
é For aigiven’setof-ions, for example ofigroup IA;.charge'to size ratio.decreases:fromitop'to'bottom|in'a group, the 


hydration energy decreases significantly. 
Li? > Nat > K' 
: _499kImol"! -390kJmol"! ~=305kImol™ | 
© QOnithe contrary, the’ hydration energy increases significantly by moving from leftito right'in a 
period'as the charge to size ratio increases, as found'in the:‘metallions ofithirdiperiod. 
Nat! Tz Mg"? < AI? 
-4613kJ mol" 


390k) mol! -1891kImol! 


“ Q.14 (e):;The hydration energies of the ions.are in the following order: 


Art > Mg** >Na* 


n charge to size'ratio’i.c. charge'density ofthe ions. Ions/having|high charge density: y 


‘Hydration energy depends 0 


‘oh! i rieS, <2 ; : , eee _ AsiNa’. 
m a SE Ga eid the charge of iso-electronic.tve: ions increases but their size decreases. A 
nimoving from Jleftito:right:in a) 


% Feisty eecone et 1 being 3 in size | have 
pes 3] -« to thesame period so sane:trend is followed jin\these ions. Al” being an se 
pas ane Pee aa coreeaet possess highest hydration energy. As a result'ofithis the order-1s; 
high charge‘density : ; 


7 
; 


.” Examples: BeCh, AICI, GaCl; ete. 


: Natl < Mg” < AI? 
-390kJ mol! -1891kImol! 


Q. Why. the hydration — 


energy of Ga?” i 
Lagi3kemor! | teat 5 tess 


Halitles 


Binary compounds of halogens with other clements.aye calledihalides. 


Classification of Halides : 


The physical properties of halides are largely determined by-the nature of bonding present in them, On the basis 
of nature ofibonding, halides are’ of following types. 


‘ (i) ‘lonic halides. © 
{i):lonic halides 


(ii); Polymeric:halides, (iii) Covalent halides. 


Strongly electropositive elements.(IA and HA groups except Be) having greater elecironcgativity difference with 


halogen atom, formionic halides. Theilialides of group TA are considered ipurely ionic compounds. 
Examples: NaCl, MgC},.CaCl,. KBr ete. 

Properties : 

eo ‘They have high melting and boiling:points. , 
a, ‘They-have three dimensional lattices consisting ofidiscrete'ions. 


‘vy They exist imsolid:state, ; 
° 


‘They are conductor of electricity in molten'state or aqueous solution. 
Variation\with halogens 
Among:the pure ionic compounds, the Nuorides have the highest lattice energies due to the smal! size of fluoride 
ion. ‘Thus for ionic halides, the Muorides:have the highest melting and'boiling points which decrease inithe order. 
’ Fluoride > Chloride > Bromide > Iodide: 


(ii) Polymeric halides 


In between the ionic or covalent halides, theré is another class of halides called polymeric haiides, In these 


halides, the halogen atom acts.as a bridge'between two atoms oftother clement. 
" Less electropositive elements, suchas Be, Ga and Al form polymeric halides having partly ionic bonding with 
layeror chain lattices. : 


Properties 
Their properties are intermediate between-the covalent:andionic halides. 


(iii) Covalent halides 


a 


Least’ clectropositive clements of IVA. VA, VIAS groups, having less ciectroneyativity difference with hajogen 
atom: dorm covalent halides. : ; oe Var, _ Alel Abr,” All, is 


Examples: CCl, Nfs, PCli, $2Ch; ete. - 
Properties , ; 
~ he itermolecular forces in covalent halide molecules are weak van der Waal’s forces. - 
+ They often existin pases, liquids or'low melting point solids: : 

» ‘They have low melting:and boiling:points. 2 
e Non-conductor of electricity. : one = 
0 fe rites of Sick, consists of diserete molecules, Which are hight poluy “The bonds in PCy and S.Ct, are eS: 09% 

Times a are 

Variation withihalogens : 
Physical properties:of covalent halides are influenced |by the siz 
the largest. and nore polarizable ions:possess the strongest van 
boiling points'than those ofiothers covalenthalides. 


Covatent character increases aS the size 
of the halide icn ncreases 


der Waal’s forces anditherefore have higher melting an 


e and|polarizability of the halogen:atom: lodides. as being 
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Periodic Trend : : 
Across the period: 

_ Tonic character of halides depends on the electronegativity difference. 
between the halogen and the other atom. : 

le ynents 2 + * aH . . 
has Ree on the lefleside of the periodic table (Group I-A and II-A elements) are highly electropositive. They: 
ae ‘ j fon energy and thus possess-the tendency to lose electron easily. They. will form ionic bond with the 
be oe W ah ue in a highly cleelto palive on the right side of periodic table. So, on moving from leftito right 
along the period, elements become less cleetropositive. Thus, electronegativity differ redu is ‘shi 
t : ; ifference reduces.a 
towards covalent halides, : gi , Wee ee 
Melting: points of chlorides. of\Period Three‘Elements and their. bonding.character. 


Pett pe SS Ey ge een 
=aName lof; minis) ae selPropertyiss 0 = 1 


‘Q.14 (f) lonic character of halides decreasts 
from leftito the:rightiin'a period. 


"Partly covalent} 
a ee | 
Down. the’Group, . 


‘The variation in‘boding character is also present in descending from top to|bottom inthe halogen group. In general, fora 
metal theorder ofdecreasing ionic character‘of the halidesiis: : 

: Fluoride > chloride >!bromide>lIodide 3 ; 
For example, All; is purely ionic compound having melting, point 1290°C and fairly 'a.good conductor, whereas, All; is 
predominantly covalent:with melting point 198°C andielectrically a:non-conductor. 
Variation.due to Oxidation States 2 
In case ofan clement forming: more than one’halides, the metal}halide in its lower: oxidation'state'tends to'beiionic, while 
that in the higher oxidation state is covalent. For example, PbGlp:mainly ionic and PbCl,-is fairly covalent, This:can|be 


_ explained by the higher polarizing power of'Pb*"as compare to that of Pb” - 


charge 


——— oc Polarizinging Power Polarization 
size 


Charge density °- 


Q. PbCl,-is mainly ionic while PbCl, 


"~~ According.to Fajan rule: es eet as 
Greater the charge density. of'a cation, greater will'be its: polarizing power and hence/more:covalent character:it 


will:tnduce. 


harge 


Charge density < e = «Polarizinging Power < Covalent Character 
: size 


In PbGly, due to small-size and high charge Pb*’ has greater. charge density than'Pb?" in!PbGly. As‘a result, Pb” 
and-hence:PbCl,.is.a covalent compound. 


_has more polarizing:power 


The binary 
Classification of Hydrides 
According to the:nature ofiboding, 
(i) lonie-hydrides 
(ii) Intermediate hydrides 
(iii) Covalent hydrides 


compounds of hydrogen with other elements are.called hydrides. 


hydrides may be broadly classified into three.classes, 


eo ee 
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(i) lonic hydrides 
The elements of group iA and the heavier members of group LA form ionic hydrides. 
They have ionic bond, 
Examples: Nak 1, Cas. KH etc, 
Properties 
e fonic hydrides contain iT (Aydridc) ion. 
° These hydrides are crystalline solid compounds, with high meiting and boiling points, 
© These hydrides are conductor of electricity-in molfen stete and aqueous sojution, 
(ii) Intermediate Hydrides 
The elements like-Be; Mg, Z n, Cd and In, combine with hydrogen to form intermediate hydrides, 
Examples: BeH2, Mghp, Zaks ete. 
Properties our : 
e Their properties are in between ionic and covalent hydrides. 
° They’ have polymeric structures and covalent in:nature. 
: Hydrides of the elements 9 of Iai te Vi 1A and NB sub: Swi 


NH: HF 
SiH, PH; HS HCl 
Gel, AsH; HSe HBr 

SnH, SbH, : HTe HI 
tonic 


: “1 PbHy BiH, 
: Intermediate Covalent | 
(iii) ‘Covalent Hydrides 


The elements having electrenegativity values:more than 1.8 form covalent hydrides, These hydrides have covalent 
bond. : os 


Examples: HCl. BH3, CHs 120, NH}. ete. 
Properties 
e They wre usually gases or volatile liquids. 
o These hydrides are non-conductor of electricity. 
° They are soluble:in organic solvents. 
e Their bond energies depend on the'size and ‘the electronegativity of the elements 
e  Stability:oficovalent:hydrides increases from left toright ina period and decreases from top to boitom ine troup. Cts 


KH Cak,° 
RbH SrH2 
CsH Balt, 


Fluorine forms‘the most stable hydrides and the least stabie hydrides are formed by thallium it Bae lead(Pb) and. 


_ bismuth (Bi). 


‘9 Since electronegativity of liydopen is 2.4, most of these hydrides have polar covalent bonds in which hydrogen is 
carrying a slight positive charge. Due to high polarity, the hy les like 14,O/and HF are capable of fforming hydrogen 


bonds between their molecules. 
e The boiling | points oficovalent hydrides generally increase on descénding.2 group except the AyTdes like’ H30, HF 
and NH; which, due'to hydrogen bonding haye higher boiling points than Might be expected. 


pea and boiling points of Hydrides of ae vA and VIA 


; pane mae Copa 
2) 4 
=a ides elie Pr 
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: : { (Group ViA} 
ae H,0 | — 0.00 
[Es aYSIO Nim 
-——— ae 7 43 
H5Te [aii | g. 
Periodic Trend > Sin 


Across the period 


o Inionic hydridesythe tendéncy towards cov alent character i increases by moving from left to rightin the periodic table. 
o = Stability of covalent hydrides i increase from icfi to right in a period. 


* “On moving lefi to right across a period the elecironegativity of the other clement increases and the hydrogen element 
bond becomes more polar: 


Down the group 
9 Stability of the covalent hydrides decrease down the group. 


o Boiling pomts of covalent hydrides increase due to increase in: London dispersion. forces except HO, HF and NH5 
which have high boiling points‘on the top of their. groups. 


Q.14 {g) Alkali metals give ionic hydrides. oh 


A Alkalimetals are more electro-positive than hydrogen. They have a strong tendency to lose electron and forma 
uni-positiye ion, This clectron-is accepted| by hydrogen to. forma hydride-ion (H’). These +ve cule —ve ions then 
combine to form an Ionic Bond. That's why alkali metals give ionic hydrides. 


PCRS ES FIGR 


“The binary. compounds of oxygen with other elements in the periodic table are-called' oxides.” 
Since, many of these have quite unusual’ properties: there is an exiensive and varied chemistry of the compounds of 


oxygen. = 5 
Classification of Oxides F 
Oxides can be classified in: more than one ways as: Fe 

(i). On the basis of nature of' bonding. 
(ii) On the basis of oxidation state of oxygen. ; 
(iii) On the basis of acidic and basic character, 


On the basis of oxidation state of oxygen 


aecee Z| ROxidationssta pialeot nest | catesceka ion ple 


peroxides] 


On the basis of acidic or basic character 

On: this basis there are following three types of-oxides. 
(i) Acidic oxides 
© Non-metals like 


® Qnadding’in water, they 
cO; t H,0-——> H2€0; 


C,N, 0, Pete, form acidic oxides 
) give acidic solutions. 


SQ; ~H30 —> 280s - 
Examples: CO:. P Or. SO;, C1,0; etc. 


iGimmsetiitede een ee eS HS : Tenis Sd ae 


—, a “Me ey 
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(ii) Basic oxides oe 
© Metals of IA & ITA groups (except Be): form basic oxides. | | 
® Qn adding in water: they give basic solutions. © 


Na,0+-H,0——2NaOH 
‘The O* ion has great affinity for proton (H’) and c: i i A Rostionclanicle im periodic tab . 
greg cannot exi nara P =A : an clement in pertox : depe its i vurati 
takes proton:(H' ) from-water and forms ae ion. Inithis-wa' a one incan aque solution Therefore, it immediately resemibles the clements of grotip a See Sie we elestronle configuratton’ and properties. Hydrogen 
basic aa : y-the concentration of OH“ increases and solution:becomes any one of the above-mentioned airs Tk aa a In some respects. Properties of hydrogen do not completely atch 
| ) d groups, That is\why position ofthydrogen is still: undecided. ; 
Hydrogen and lA group (Aikalimetals) . ; _ 


Examples: Li,O,MgO, CaO etc. 
Similarities 


(iii) Amphoteric‘oxides 


The less elect opositi e element (Be Al Z i T i i i Cc I 
T 5 : ~4n. Ga, In) fo mam photeric oxides T Cc ene s base } ; gen i alkali é } i i 
f Vv s I t 5 h yy b have as ba ses whien: eact © lydroge and alkali metals have one electron in their valence “Ss” sub-shell, (ns'). . 


e. Valence shell electronic configuration ofthydrogen and alkali metals is same. 


with strong acids-and:behave as acids with-strong bases. 
Examples: BeO, AlsO3, ZnO, BisO; etc. © , 
OMe CO a e Both hydrogen and alkaliimetals by losing their valence electron, form-uni-positive ion. 
ZnO + 2NaOH +11,0-——> Na, Zn (OH), | | : ae 
— oe At M—> M*+le 
Classification) of oxides basedion'their acidic ‘basi 
ation of. oxides based on their acidic and'basic character e - Both hydrogen and alkali metals have'a strong tendency to combine with electronegative.clements such as halogens. 


23 | etal al hi : Sl Bsyy al Fee ed ve = 
was) MASI eal NAS WAS | ESRVA ize ANEMIA e Both form ioni ich dissociate i 

: oth form tonic compounds which dissociate in water (ionize in water). 
js e Both hydrogen and ‘alkali metals are good reducing agents. 


‘Basic Oxides : Amphotericuzides Acidic oxides 


Periodic Trend 
Across the Period P 
In'a given period: the.oxi 


Hydrogen does not lose electron as ea: 


des\progress from strongly basic through weakly basic, amphoteric and weakly acidic to 


‘| Fey do:not-gain-clectron. Itgains electron. 


strongly acidic. i : 
Example: us NaxO, MeO, . AbO;. “SiOz. PyOjg. SOx. Cl:O7 : |. : 
sage : ; Sars They do not exist in the molecular form Hy drogen exists as H, (molecular form):in open atmosphere. 


strongly basic: amphoteric weakelyacidic acidic strongly acidic 
»Na‘and K* are stable in water . ___| H®is.unstable in water and 'form H30" ion. 


Down the'Group basic Se | 

The basicity of mainigroup metalonides increases on descending a:group of:the periodic table. : | =: Hydrogen and:VIIA.group (Halogens) ‘ 
Example: Be@ < Mg@ < €aO < SrO < BaO ¢ »~ ' Similarities ; 
° ‘ihe: basicity oftransition. metal oxides (Sub group)B).decreases fromitop to:bottom. | e Bothihydrogen and halogens\gain one:electron to complete their valence shell. Inthis.way both form uni-negative 
Variation due:to:Oxidation State ; ’ | ions. ; H + le ——» HH’ (hydride ion) cant ie C 
3 i : X + eo ——> X°”_ (halide ion) a 8 


The oxidation:state.of the metal also:affectsithe acid /-base character ofits oxides. The acidity increases with 


increasing oxidation state. e.g. The acidity of MnO < Mn30; < MnQy < Mn303 
houghiboth sodium andiphosphorous are:present in\the'same perio 
are‘differentiininature, Na,O is basic while’P:@, is acidic.in character. 

but their metallié Character differs a lot. 


due‘to whieh the size decreases. This: increased nuclear cha 
ng.a metal forms: basic oxide.asiit yields base 


-e Both hydrogen-and halogens are non-metals in truc.sensc. = 
| ® Bothexist-as' molecular form in open atmosphere (H2.F:.Cl2,Bry). " 

.° Hydrogeniis the gas like that-of'most halogens (F.Cl). 

On moving from left to © Both:hydrogen and halogens form stable ionic compounds with alkali metals. 
: it rgeis  , H, + 2Na ——> 2NaH 


dof the periodic table yet their oxides 


Q.14:(h) Alt 


~ Although Na and P belong tothe same period 
right in-a period, the nuclear charge increases 
responsible for-decreasing themetallic character. As-a result Na-beir 


inswater. : 


Gl, +2Na ——> 2NaCl 
Dissimilarities 


Nas@.+ H20 — 2NaOH 
a . (Base) . 
tal;gives acidic oxide as it yields acid in water. 
P30; + 3H:0-> 2HsPO, 


‘Hydrogen has one electror 


While:P being‘ainon-me 
ectron to form*hydrogen ton. 


EE - m9 —~ PO ee Sl mn ga a | ein | 
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It is as-block clement. They belong to p-block. 


It combines with.oxygen to form stable oxides. (HO) 


It is a gas at room temperature. 


Hydrogen and IVA group (Carbon family) 

Similarities : 

° Hydrogen has'half-filled outermost shell like that ofelements of IVA group ; 
© Both hydrogen and elements of [VA group combine with other elements through covalent bonding. . 


° Like carbon, hydrogen also shows remarkable reducing property. 
CuO +H, +Cu+H,O 
“Sn, +€—3Sn+ CO; 


e fonization energy and electron affinity of hydrogen anid carbon.are comparable. 
° Electronegativity of hydrogen and carbon family are almost:similar. [H = 2.1, C= 2.5 . Si= 2.4] 
: Dissimilarities 
Sea ban pena int ga oa ise arn 
Ss Wacolp(cibontemniye se 


tat als Be 


{tis a: gasiat:room temperature. 


Itneeds one electron:to.complete its valence shell. 


Elements of IVA group need 4 electrons to complete their 
valence shell. 


Carbon:and Si form.long.chain compounds when they 
combine with their atoms. (catenation). 


It does not form long chain compounds. 


Carbon can simultaneously formbonds with more than one: 
elements. i 


Due to one électron inthe valence shell; hydrogen can 
combine with only one:element.at.a time. 


_ Eonclusion 
Some of the.propertics of hydrogen:are similar toithose of the elements of IA, IVA.and VIIA groups. But this:is:a 
fact that hydrogen is a unique element whose properties do not match exactly with any of the groups inithe periodicitable. 
However due to partial resemblance in properties with alkali metals and monovalent nature, hydrogen is usually placed at 


the top of the elements in.group JA. 


ae ary, 4 : q . . fio ‘ acer : and 
1. Although a number of'chemists attempted'to classify the:elements but Dmitri Mendeleev gave the most useful: 
comprehensive classificatioil. a a 
2 ‘In Mendeleev’s Periodic Table, the elements were arranged imaseending order oftheir atomic weights. Sets 5°: 
3 The modern periodic law states “if the elements are arranged injascending order-of their atomic numbers, their 


chemical properties .repéat in.periodic: manner,” ‘tad ‘s-ealledis oup.‘Each 
a «as swith simi i aced in eight verticalicoluminscalled)group. 
AUD ‘periodic: table; elements with similar properties are pla g mn) az 
ie Inimoder per oe eee are placed in: sub-group-A: and 


-group is divided into, two sub-groups A. and B: Normal or typical elements 
transition elements are placed in sub:-group-B. ae 
The sevenihorizontalirows‘of the perjodic table.are called “periods”. 


Metals of'sub-group:[-Avand ‘I-A are calledialkali metals and-alkaline earth me 


wn 


tals, respectively. Members of:sub- 


iodicity) 
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‘group-VII-A are called “Halogens”, 


ay to nae less reactivity the elements shown in sub-group VIII-A are called “Noble Gases" 
“ements of periodic table can also be classified into s-block, p-block 

2 : ! > be 3 , p-block, d-block and f-block- 
upon ‘their valence orbital which is in the process of completion. ae 
Elements of periodic table can-also be 
properties. ; 
Hydrogen is unique element of the perivdic t 
group l-A.or IV-A or VII-A, 


Atomic radii increases form top to bottoiilin.a Proup and decreases along a period, 


Positive tons are always sindllerthan their parent atoms while the negative ions are usually larger.than the atoms 
from which they form, 


nts depending 


divided into -metals, rion-metals and metalloids depending upon their 


able. Due to similarities in properties; it can be. placed at the top of 


lonization energies inérease along a period and decrease down'the group. ; 
Electron affinities:oenerally increase with increasing atomic number within a period'andidecrease from lighter. to 
heavier elements ina given group. 
Metallic charaeter of elements increases down the group and decreases along a period. : 
‘The oxidation state of a typical clement is directly or indirectly related to the group number to which the elenient 
belongs in the periodic table, ; ees 
‘Thp electrical condu¢tance ofan clement depends upon the number of free or moveable electrons, 
Where are three types of halides: ionic, polymeric and covalent. Halides of group I-A are ionic in-nature, have 
three dimensional lattices with high melting and boiling points. : ell) 
There are three types of hydrides formed by the elements of Periodic Table: ionic, intermediate/and covalent. 
Highly polar hydrides show. hydrogen bonding in them, 

- Oxides may be divided on the basis oftheir acidic, basic or amphoteric character. 
Metallic oxides ‘are basic in character, non-metallic ‘oxides are acidic in. character and oxides of less 
electropositive elements like Zn and Pb are amphoteric. : 


SOLVED OBJECTIVE EXERCISE a 


Fill inthe: blanks. : : 
(1) Mendeleev in his periodic table, arranged the clements:according to their atomic . ; 
(ii) Vertical columns in modern periodic table are called __ and ‘horizontal rows are.called ey t 


Q2. 


(iii) . Members of group. VIIA are called and alkali metals is the family name; of ‘+. group 


members. oes 
(iv) Metals: form oxides and non-metals form oxides. 
(v) Hydrogen can'be placed above the groups __ ofithe periodic-table. 
(vi) Shielding effectiis actually the due.to electrons:in between.the nucleus and:the outermost shell 
(vii) Noble gases have:the values of ionization energy. due to their complete oifférmost shells. ; 
(viii) ~When.a second electron is added to a uninegative ion, the incoming electron is by the already 


present negative charge. 


(ix) Due to having:partly filled d-orbitals metals usually show variable valency. - Lf 
(x) Melting and boiling points of halogens down the group: oprexe pe : 


[Gi [Halogens,IA | Gv) | Basic, acidies 
a Tec ec | 
Sg inane 


Indicate True or False. 
0) in Mendeleev’s periodic table el 
(ii) The second and:third periods con 


ements:Be, Mg, Zn‘and Cd are'placed in the'same group. _ 
tain eighteen elements each, 


_—_ 
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(iit) Alkaline earth metals are:present in Group IIA. 

(iv) Metals are present.in the top right corner of the periodic table: 

(v) Metalloids are present in the lower half of Group TVA, VA.and VIA. 
(vi) Hydrogen forms uninegative ion like halogens. oa 
(vii) Oxidation state of an elements is related to the number of.period-it belongs. 
(viii) Diamond is.a-good conductor of electricity. 

(ix) Melting points of halogens decrease down‘the group. 

(69) Zinc oxide is an example of amphoteric oxide. 


Answer Key. A : : 


Q3. Multiple Choice Questions. Encircle the correct answer. 
(i) Keeping in view the size of atoms, which order is the correct one. 
a) Mg > Sr b) Ba > Mg c)ilLu> Ce 
(il) Mark the correct-statement. 
a)\Na’ is: smaller than Na‘atom 
c) Cl is smaller than Clatom 
(iii) Mark:the correct:statement. 
a) Al! lanthanides are present-inithe same group. 
b) Allhalogens:are present in'the same period. _ 
c) Allithe alkali metals are present:inithe same group. 
d), All the noble gases-are present in'the same period. 


d)Cl>1 


b)'Na’ isilarger'than Na‘atom 
d).Gl'(ion):and'Cl(atom) are equal is size 


(iv) Which statements is.incorrect. | : 
a) -Allithe metals are good conductor of clectricity: b) Allithe metals-are:good conductor-ofiheat. 
¢) Allithe metals.form positive ions. d) ° Allithe:metals:form acidic ‘oxides. 

(v) Which statement is correct: ; 


a) Hydrogen resembles iniproperties.with IA, IVA, and VIA elements. 

b) Hydrogen resembles in\properties with IA, IVA, and'VA elements. 

c) Hydrogen resembles in)properties:with ITA; IVA, and VIA clements. 

d) Hydrogeniresembles.in)properties with ITA, IIA, and'VIIA elements. 
(vi) Mark the correct:statements. * 

= a) The ionization energy of calciumiis lower than that of barium. 
b) ‘The ionization:energy of calcium is lower thatithat‘ofimagnesium. 
¢) The ionizati n.energy of calcium is:higher thanithat of beryllium. 
d) ‘lhe ionization energy oficaleiumiis lower'than thatiofistrontium 
Mark:the-correet statement. = 
a)” Electron.affinity-is a;measure ofiener@y requiredito remove the electron: “ 
b). Electron affinity is a‘measure ofienergy released'by adding;an electron. 
c) Electroniaffinity ts.a measure:of energy required to excite.an electron, 
d);-Electronaffinity-is a:measure-olienergy released'by. removingyan electron. 
Mark-the correet'statement. : 
a) “Metallic character increases down'the group: 
b) Metallic character: increases from left:to rightalong a:period, Barts 
c) Metallic.character, remains the same from: left.to rightalong ajperiod: 
d) Melallic:character remains the same downithe group: 
(ix) Mark-the correetstatement. | 
‘a) Melting: points.of halogens decrease downithe-group.- 

b) Melting points of halogens:increasce down the group 
c) Melting points:ofihalogens remainithe same throughout the group. 


(vii)’- 


(viii) 


- Chapter 1 (Periodic Classification of Elements and Periodicity) SS 


(x) 


i) 


d) Melting points ofthalogens first:increase 


Mark-the correct:statement, - 


Fy) Covalent character. ofimetal halides increas 
b) Boiling points of Group IVA hydrides dec 
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and then decrease down the group. 


es from lefi:to right in.a period. 
rease down the group. 


¢) lonic character. ofthydrides increases'fi ighti i 
s ‘from left a 
d) The b eft:to right‘in a period. 


Fearn cAnswe 


(79) (a) Na’ is smaller-than Na 
| atom 


(iii) |} (c) All the alkaliimetals are 
5 present inithe sameigroup 


Se ENON Ss OW > 


= = 
NaS 


| leftito rightiin'a, period. 


Zn@ is amphot 
Why lonizationiEnergy:decr: 
Hydration energy increases: 


. Why the:second 2 of: 
Whatiis Mendeleev’s perio 


Why cation is smaller than its: 
Why: metallic. character increa 
* The:hydration.energy of Al" 
Give the reason. Why the'radi 
Why the oxidation’ sate of noble gases 
Why hydrogen can'be placed at the to 


‘(d) Allithe metals form acidic | 


oxides 


(2) lydrogen resembles in 


properties with TA, IVA and 


VITA elements 


}(b) The GE of calcium is: 
lower than Ur Ge) 


magnesium, 


‘(b) Electron affinity ‘is a 


measure of energy released 


| by adding :unelectron. 


(a) Metallic 


‘(b) Melting point of halogens: 


increase‘ down the group. 


(a) Govalent character. of 


metal halides increases from 


7 
character 
| inereases down the. group. 


eric oxide. Prove’ by : Poe 
eases downthe:group andiincreases along aiperiod? 


from leftito right in‘a:period. Why? 


asicily of group IIA-oxides decreases-on descending'the group. 


a nay oma teas 


a wre, 


toa Pde ea et eros 
Size of atoms increase down the group and decrease across a period. 
Size of cation is smaller-than its parentatom. = 
Alkali metals are:JA group elements which are Li, Na, K,-Rb, Gs, Fr, 


Metal oxides are not-acidic but are basic in‘nature. 


The:resemblance ofihydrogen with these elements is because of different 


\propertics. 


lonization energy value:deercases down the.group due-to increase in.size. 


Electron affinity is enerzy absorbed or released when addition of electron 
takes place. : 


Due to increase in atomic size, metals'lose electrons casily- 


As the size. of halogens increase, intermolecular forces become stronger: so 
| melting point increases 


Across a period, electropositive character ofimetals decreases.so covalent 
character:increases. : 


‘means Of reactions. 


PbCl.is mainly ionic: and PbCI, is fairly. covalent. Why? 


-yalue of electron affinity ofan elementiis usually:-shown witha positive'sign?” 
dic:table? ; 
parent atom? aS . : 

ses from top toibottom in a:group of metals? 

is three times greater: than that of Ca” why? 

tis of fluorine atom is smaller than that ofifluoride ion 


is usually zero? . 
p.of group:|-A elements:in the periodic:table? 


- 20. 
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Available in Market: 


Chapter 7 (Periodic Classification of Elements‘and Periodicity) 


Define Dobereiner’s law.of triads. Also-give two examples. 
Name different classes of oxides and mention trend of oxides across the:period? 
The basic character of oxides decreases from left to right in.a:period, why? 

Stateithe modern periodic law. : 

The melting and boiling points of the elemenis increase from left to:the right upito the middle of s-block . 
elements andidecrease onwards. Why? 

The hydration energies of the ions are inithe following order. 

Alt >Mg* > Na* 

Zn, Cd, Hg.were placed with Alkaline earth metals in/Mendeleev's'table. How this confusion is removed. | 
in:modern;periodic table? 5 , | 
What are'the improvements made in:the Mendeleev's:periodi ? =F 

Whatis jcaninaniis contraction? s:periodic table Metals of ama IA, and I1A including hydrogen and\helium are called s-block elements. They are'calledithe s- 

eee EEN EEE ee 


_8- BLOCK ELEMENTS 


block elements because s-orbitals.are being filled in:their outermost'shells. 
ahs ; : Q. Why.we use the termalkali metals and-alkaline ‘earth metals? al 
| Alkali Metals 
The nam¢ “alkali»came ftom Arabic, which means “The ashes”. The. Arabs used this term for these metals 


because they found that the ashes ofiplants were composed chiefly of sodium‘and| potassium: 


| Alkali metals include the elements lithium (Li), sodium:(Na); potassium (K), rubidium \(Rb), caesium) (Cs) and 
franciiun (Fr). Thése are very reactive metals, produce strong alkaline-solutions with water. 


avALABLE it MARKET ; — 3 ; Alkaline’earth metals 


The elements. of IIA. group are called alkaline earth metals. They ‘ficlinde beryllium (Be), magnesium. (Mg), . 
\ ; calcium (Ca), strontium ((Sr), barium{(Ba))andiradium: (Ra). They-are called, alkaline: carth!becatise ‘they produce 
alkalies in water and ‘are widely. distributed in carth’s crust'in the form'oficarbonates:and ‘silicates. 


For ASIANS study 


Q. Write down electronic configuration and physical constants ofialkali metals and alkaline earth metals. : 


‘ E : : Alkaii metals 


A i 'p : : &  Alkalimerals have-only one electron in ‘s’ orbital of; tein valence shell. (ns') 


o° Because of low ionization energy values, all alkali metals lose their one clectron of the valence shell to form 


Alternative To Practical es foe motpostivehions NE Nae Ae 


© They form ionic compounds.and show +1 esate state. 


ON : | ; ie : Na+ 5c ——Na€l 
PHYSICS, CHEMIMISTRY, sidtoay eee. "ea 
-Short Questions 


OS ZeS Electro RC CORIIGUFATIORT. 
ay 


a 


1 Lithium 
Sodium 
Potassium 
Rubidium 
Cesium 


Is? a apt 38. : 

12, 2s?, 2p", 3s7, 3p’. 4s! 

1s), 2s", 2p’, 3s, apf 4s? 3a!°, 4p’, 5s k 

Ist, 2s? 2p’, 35°, 3p’, 4s", 30”, Ap’, 5s”, ad 5p’. 6s! 

1s? 28?, 2p 3s’, 3p’, 4s, 3d’, 4p’, 5s, 4d", ap 6s*, 4f", 

7) |sa®, 6p°, 2s! ae || 
Physical co constants Gf (group 1A (alkali metals) 


me sie eee Eile [Nase ies EES 


——— 


Francitim._}. 
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Ray | 


"Atomic radius. (pt : 
“Tonic radius of + | ion( 
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\lonization Energy (kKi/mole) 
Density am/ env’ at. (20°C) 
‘Heatol Hydration (kJ/mole), 
‘Eleetron affinity (kJ/mole) 
_Electronegativity. 


Loss [ost [oss [iss [19 | 
[c505— 47s [38a [345 [310 | 
i 


Chapter 2\(s — Block-Elements): 


In going down‘the group, the number of shell increases by one at each step and equal to the number of the period 
to which the element belongs. 


Alkaline’ earth: metals 


°e 


Q 


Alkaline earth metals'have two electrons in ‘s’ orbital of their valence shell. 
All:alkaline-earth metals lose theirtwo electrons to. form di-positive ions M’ 
ure low. 
‘Dhey foriionie compounds-and show +2 oxidation state. 
Ni > M2! +267 
Ca ——— Ca" +27 
Mg > Mp?’ + 2° 
>» CaCly 


Cat bo 


Beryllium lis, 2s 


15a" 60 Ts’ 


= Farle crane Conngurationts tions 


Is", 28°, 2p’, 38°,-3p", 4s", 3d!°,. 4p’, Ss", 4d!" Sp’, 6s" 
Is',28) 2p®, 38°, 3p’, 4s?, 3d!°, 4p°, Ss°, aa +P 68%,4", 


Magnesium Is. 2s", 2p*, 3s: 

Calcium Is‘, 25%, 2p 38°, 3p°. ds: 

Strontium Is’, 2s", 2p 3s. » 3p’, ds\. 3d!) dp’, Ss° 
‘Barium 

Radium: 


‘because their ionization energy values 


TERE: 


Eas 


free ininature. 


Occurrence of /alkaliimetals (Group.1A) 


Due'to high reactivity, t q iimetals ; ae 
he alkali metals Occur ininature inithe combinedistate. None ofthe alkali. metals:is found 


Sodiumia ssium are abui ali 
ae fu a nd podissiuim ire abundant alkali metals:and each constitutes about 2.4\percent of the earth’s crust. Most of - 
the earth’s crust is coimposed:ofinsoluble: alumino- silicates ofialkali‘metals. - 


Lithium deposits, usually in the form Of complex minerals, are widely scattered over the earth. An important 
commercial'source of lithiunvis the. mineral spodumene LiAl’ (SiO3)). 


Small amounts:of rubidiuny and caesium-are:found:in potassium salts. deposits. 


Francium ‘has not/been found in nature. Itihasibeen, prepared artificially inithe laboratory and\is: very unstable, so that 
avery little is:‘known aboutithis metal. 


Occurrence of alkaline earth metals|(Group:IIA) 


Being very reactive, alkaline carth metals also:doinot-occur in free state. ‘The compounds of; Wiesel metals:occur 


widelviin nature. 


CommoniMineralsofithe Most:Important:AlkaliiMetals 


_ ChemicaliFormula 


_Name‘ofiMineral — 


‘Lithium 


Spodumene LiAl\(SiO,), 


“Sodium 


Rock Salt:(Hulite) NaCl 

Chile saltpetre * NaNO, 

Natron Na,€O,.H0 i 
Trona Na,CO,.2NaHCO,2H.O 


Na:B\Q..10H.0 


_ Borax 


Potassium 


Garnallite. KCLMgGl,.6H,O 


Sylvite ‘ KGl 
Alunite (Alum Stone) K,,SO,.Al(SO,)-4Al(OH); 


Magnesium andicalcium are very abundant in:earth’s crust. ‘The outer. portion oh the earth was originally:in:the form 
of silicates and alumino-silicates of alkaline earth metals. Magnesium and calcium, with sodium and) potassium are 


present inithe:rocks‘as cations. 
Magnesiumihialides:are found!in sea water. 
Magnesium is an essential constituent of chlorophyll. 


Calcium phosphate Ga; (PO;)2 and ‘calcium fluoride: CaF,,are also found as minerals. 
Calcium is an essential constituent of many living organisms. It'occurs as skeletul| material in| bones; teeth, sea-shells_ 
and eve shells. 


Radium isa rare element. [tis of great interest because of its radioactive nature. 
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€ormmon Minerals of the Alkaline Earth Metals Lithium hydride (Liftjis more s 


able than the hydrides of other alkalimet 
| ithiuin compounds are more cay 
organic solvents andetlie alkyls 
other alkaliimetals. 


Went th ae MES 
Wen that is why its halides. are more soluble in Which has least-solubility: 
a aryls-of lithium are more stable than:those of: (a). GsF (b) LiF - ; 
*  {c) NaF (d) KF 
[LiF has nigh lattice energy | 


Be, Al 4S 10.4 
ALBeO, 


_ Ma sanesium 


Lithiunits:the leastireaetive metal of allithe alkali metals. 


Chrysoberyl 


“When avetlene is, Passed over strongly he 


ated lithium, it;does:not : 
umiliaateeae eae ee ae produce lithium acetylide, burotheralkali metals 


‘Magnesite 
Dolomite 
Carnallite 
Epsom Sait (Epsomite} 
Soap Stone (talc) 
Asbestos 


RO CaCO, 
KCl. MgGl2. 6H20 
MgSQy. 7H2Q0 
H2Mg; (Si05)4 
CaMegx(SiOs), 
Calcium 


2Na + OH) >» Nai@ =@Na’ +H 


Sodium Acetylide 


3 ; : 
Lithium bas low electopositive: characters thus ity carbonate and nitrate are not'so stable and therefore decompose 


is 
giving lithium oxide, Carbonatesiof other alkali metals-do not decompase. Decomposition of lithium nitrate gives 
different products than the nitrates of other alkali metals. 


Li3CO; > Lio + CO; 


| Calcite (Lime Stone) 
Gypsum 
Fluorite 


CaCO; 


-€aSQ;. 2,0 » 


Ca F2 


4LINO; —-»> lt ibO'+4NO2 +03 


2NaNQ, 


> 2NuNOs-+ Os 


Ener Ca;(PO3) 


Strontium 


Lithitin hydroxide when strongly heated, forms lithium oxide butthe: other alkaliimetallhydroxides doj not show: this 
behaviour, ‘ Z 
AiO Be, £3.05 10 
Lillian @eacts with nitrogen to form nitride while the other members ofthe group 
donot give thissreaction. 
6Lit N> > ILiN 
Lithium chloride (LIC) hasan exothermic heat of solution; whereas chlorides of 
sodium and potassium have endothermic heats of solution. 
Lithium carbide (Li,G) is the only alkali metal carbide formed readily by direct 
reaction, 


SUE Heat.of.solution 


- 38.0 kino 
sc} = LN kImal 
| ses ‘24 kmol 


a 


Causes of Peculiar behaviour. 
Invmany properties lithium has different behaviour from Butter members of group IA. The de ation ‘from the 


regular-trend/is due to:the following reasons. 
(i) Atomiciradius of lithium'(123pm))is very smallias compared to the other-members-of group'I: 
(ii) Lit ion‘has.greater charge density. 


(iii), The nuclear charge of :Lit ion is screened only by aishell ofitwo electrons. 
The so-called ‘anomalous’ properties of lithium are due to-the fact that lithium is unexpectedly, far Te eleetropositive 


Bonuane: ehavioumorbithium 
dLit €C—> Lic 


Q6: Compare the chemical-behaviour. of lithium with magnesium. 


Anis DIAGONAL RELATIONSHIP OF LITHIUM:WITH' MAGNESIUM; _ 
; The elements af second: period: resemble in many respect to those of 
elenients. of third period which are: diagonally opposite to them. ‘This 
resemblance is called diagonal-relationship. 


Goniparison of'Lithium and/ Magnesium 


TA TIN TILA LVAL 
di 2" period Li, Ba’'B_ C 
‘than sodium. - Hip Be 
Differences of Lithiumifrom other alka Metals 3"\period Na Mg Al Si 
Lithium-is:much harder and lighter than‘the other. alkali metals. 
The lithium salts of anions avith high density-are generally less soluble in Water than ihose ofthe gies al 
eles OH) iE EGR. LiHCO). ; vali setals: Tonic radius. of biis 0.60.40 . 
Lithium fornis stable complex compounds, although comples formation generally i is not aypranerty ofall me ee (Girkonnea nits insoluble Tanalendnd Jecompises 
One of the'stable complexes formed 'by Jithiumis [Li(NH3),) ombieating 
Lithium reacts very slowly: with water, while other. alkali metals»react violently. > LiO-+ COs 


kaliimetals, 


“Magnesium carbonate is insolablein water a a 
decomposes on Jicating 


Lica, 


; 2L1+ 2H30 > 2LiOHi+'Hz 
Lithium salts of large:polarizable anions are less stable than those of other alkali metals, Unlike other alka nicl 
lithium doesnot form bicarbonate, tri-todide or hydrogen sulphide at roomtemperature. 


al : 


“Lithium reacts withwwater to form fiydroxide and! 


ivdroven 


hit 20hO, > 2LiOH = Us 


Lilium reacts with aeids:to evolve hydrogen 


| Mp2 


hydrog 
= My (OH): + Ha 
Magnesium reacts with acids to releaseJivdrogen 


i Mg+2HICl > MeGl, HU; : 
| Mydroside and/Nitrate of Mg decompose oniticating 
_| Mg(QH); => Mg0+130 


211 2G) > 2hiche tl 
Usdroxides and Nitmates 
heating 


When’ burnt in'air lithium forms:only normal oxide, whereas the othersiform peroxides:or super oxides. = 
: dLi +O; ———>. 2Li0 (Lithium oxide) eifinhtunrdécempessicn 


2Na+'O> ———> NaQ; (Sodium peroxide) 


K) | 1 
| 0 ; : Chapter 2:(s - Biock Elements) 


LiOH — > 1i,0+H:0 | 
ALINO, —+>9 21.1:0+4NO0; +O 
Atomic radius of Lt is 4 


ar ; : a 
230m Atomic radius of Mg.is 36pm 
cote ALLE AmtISit: 


meen wey 


pn 


urof!| 


Beryllium 


Beryllium is the lightest member of the series and differs from the other group HA elements insmany ways. This is 


duv to its small atomic size and comparatively high electronegativity value. 
‘The niain points of difference are: : 


1 Beryllium metal is almost as hard as iron and hard enough to scratch glass. The other alkaline earth metais are much 


softer than beryIlium but suf harder than the alkalimetals 
2, ‘Themmelting and boiling points of beryllium are higher than other ulkaline earth metals, 
3 


wwater, beryllium forms insoluble oxide (BeO) coating that protvets it from further attack, 


ca 


react Withalkalies, 


Be > 2Na0H 


> NaBeQ- + 1: 
Sodium beryiate 
6.. Be forms amphoteric oxide while other members form: basic oxides, 


EIST ST IEP NT SV TEEN HAW PR Ls 
TrendsiniGhemical: properties of Alkali Wietals 


Ata etal deter es eae 


4. lonization: energy 
Low ionization energies make the alkali metals, the most reactive family of 
metals. They are highly electropositive. , . ‘ 

2. Oxidation state. 

Very high:second ionization energies indicate that oxidation: number higher than 
-], are ruled out for the alkali metals. : 
3. Solubility 
The cations of alkali metals e.g.. Na’, 


than the radius of any 
vsalts are relatively low. Consequently. most of the simple s 


K’, Rb’ have low charge and large radii 


alts of the alkali 


| 2Ma(NOs)2 > 2MgO+4NO; + O) 


Qz7. (a) Mention the preperties of Deryllium in which it-does not resemble with its own family. 
non Epes ; 


cation from:the same period, so the lattice‘energies oftheir - 


————— 


LL 
——————————o———————— 


As reducing agents, the group HA inetals are all powerftil enough to reduce water, at least in/pringiple. However, with 


Beryllium in particular is quite resistant lowards complete oxidation. eveniby acids, because of its BeO coating. 
5. Beryllium is the only, member of its group which reacts with alkalies to give hydrogen. The other members do not 


_ © Reducing: property of an 


element .depends upon 
the fonization enerey 


value. Elements with Jow. 


ionization energy value 
are good reducing agents: 
e.g. Alkaliimetals 


MCQ’s 

Strongest reducing: 
agent amongst alkali 
metals in solutions is: 


metals are water-soluble. Most ofthe salts are:dissociated completely injaqueous {a) Li (b) Na 
solution-and the hydroxides are among the strongest bases available. (c)K (d).¢s 
4. Reactionswith:oxygen: , eae Mca's 
They react-with oxygen and:the surface is tarnished due i) ie Riiges formed. Na,0, has light yellow colour. 
« Lithium/burns in air to form the normal oxide. Li:O (white solid). This is due to: 


4Li-+0O; —— 2Li,0 (Lithium oxide) 

The exposed metals are oxidized almost immediately. by oxygen in. air 
and in the presence of moisture, the oxides formed react with €@, in the 
atmosphere to'form carbonates:: ; 

, LiO + CO: ———> Li€O; - 
~ Lithium carbonate : 


Lithium.oxide . ee 
o Sodiumwilliundergo.a similar reaction. but only ifthe supply. ofoxygenils limited. 
4Na +O, —Emiesseee > 2NaxO 


Z oxygen 


(a) presence of unpaired 
electron in-the molecule 

(b) presence of trace of NaO, 
{c) presence of KO, as'an 
-impurity 

.(d) none ofthe above _ 
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Q.9. (b) What happens when: . 5 


__Q.Why sodium is stored in kerosene ol? 


In\the presence ofiexce : : peti 
P ss of oxygen, sodium forms the pale‘yellow. peroxide. 


Wa +¢ Abundant supply of 
¥ O, Een Na©> Sodium peroxide (Pale Yellow) 
o Potassium, rubidium‘and caesium reactwith oxygen to. form super. oxides 
K+, > KO Potassium super oxide (Orange.yellow) 


Cacsium explodes spontancously when. itisiin contact.with'air. or. oxygen. 
5. Reactions with water : ; : 
Very rapid and 3 i i cour: raimiet i ‘i 
a y aoe RN occur when alkali metals react with water. A:‘small piece of sodium 
p hium) floated on waterreacts vigorously, to liberate:hydrogen and produce metai hydroxide. The 
energy producediby the reaction\may.even ignite the hydrogen. 
. 2Na+ 21,0 => 2NaQH +'H; 
The reaction becomes ificreasingly vigorous from lithium to caesium. Potassium, rubidium.and caesium are so 
highly reactive that they react withiice even‘at 100°C. } 
6. Reactions with: hydrogen. 
Alkuli:metalsiform ionic hydrides with|hydrogen, In\ionic hydrides, oxidation state ofihydrogen isl. 


2M +H, > 2M'H’. - 
© Rubidiuni and cacsium react:violently with hydrogen at room temperature. The other. three metals require! high 
temperature inorderito form the hydride. ‘ 


° ~Lithiumand sodium hydrides are.useful'sources ofitiydrogen when treated with water. 
LiH + Hi0 ——> LiOH +H; . 
Due to the presence of hydride:ion (H7), the jonic hydrides are|used as powerful'reducing:agents. 
Flame Colouration 


7. Reaction'with nitrogen and'carbon 8 
} Lithium is the only group IA metal that combines with nitrogen and) - 
carbon to form nitride and carbide respectively. 
6LIi+N2 >» 2LigN (Lithium nitride) 
: ALi¢ © ——> Lis€ (Lithium carbide) 
8. Reactions with halogens 


Alkalismetals-react easily with halogens to:give halides, ; ; 
° Lithium and sodium react slowly with chlorine at room temperature. Molten sodium burns with ‘brilliant’ 


yellow flame‘in aichlorine atmosphere to\form'sodium chloride.. 
2Na + Cl ——— 2Na€l 
© Potassium, rubidium and caesium reactv: 

g. Reactions with:sulphur 
Allialkali metals form their su 
2M+S,——— MS 


2Na+ S$ ——> NaS : 


igorously with all the halogens, forming. metal halides: 


Iphides.when treated with molten sulphur. 


” Lithium‘hydroxide is heateditoired hot: 


i; . Lithium carbonate is heated. = Sea Rae Deca 
iii, ~ Beryllium is treated with sodium hydroxide. ___lv: ‘Lithium hydride is treated with water. 
= i) 20H MES O+HO 


(iv) LiH + H,0. ——> LiON+ Ha. 


(i) LigeO, —2> Li0+60: 
(iii) Be + 2NaOH ——> Na.BeO2 +H, 


on energy it ts highly reactive metal. When exposed to.air, it 
it forms NaOH and hydrogen gas. Kerosene oillis a: mixture.of 


Sodium fs an alkali metal. Due to low ionizati 
\ Similarly with water, 


immediately forms 'Na;02. 


— 
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hanes which are least reactive compounds, So. sodium in kerosene oil remains inert iil kerosene oilicambe a 
uselul mediuny for its storage, é 


fopAlka aes oe 


Earthilvietals 


4. Reactions.with air 
Fhe alkaline earth metals burnin oxygen toiform normal oxides except barium which forms peroxide. 


© -Beryiliumis the least reactive metal inithe group. It is resistantto complete oxidation and stable in-air at ordinary 
iempermtuce bat oxidizes rapidly at about 800°C. Therefore beryllium isnot tarnished by atmospheric attack but 


the metal soon loses ihe silvery appearance, 


2Be + > 2Beo 


© Magnesiam when espesedito air quidhly beeames coated with the layer of MgQ, ‘This layer protects the surface 


from further corroston aberdinary temperate, 
2M Q) => 2M 


Whenimignesiim isibtimt iain. asimall dmuuntvol nitride (MusN >) iis also tormed along wilhimagnesium onide. 


© When bariuiniis healed inairor oxygen at 300 - G00°C. its peroxide is formed, 


Bat Qs -HSHeet Baw, 
Barium peroxide 


2. Reactions with hydrogen 


Hydrides are produced by treating the molten alkaline earth metals with hydrogen, usually under: high \pressare, 
© -Magnesiumreacis with hydroven avhighipressure andiinithe presence offa catalyst((Myls) forming magnesium 


“hydrides 


¢ Pressure are ‘ b 
Mg ~ Us gga? Mell ; 
Similarly “Ca Tt, ——> Cabh 


3. Reactions with nitrogen 


AlGroup {IFA elements react with nitrogen on heating giving nitrides, For example, magnesium reacts with 


hitrogenitu‘give magnesium nitride. 
“3Mg + Na ———> MesN2 (Magnesium nitride) 


. 8. 
The nitrides | hydrolyse vigorously when treated with water, giving ammonia andthe respective! hy sdroxide 


Ma3N 2 a. 611-0 


4. Reactions with sulphur 
Flements of group:ll-A react with sulphur. to form. metal sulphides. c.2, 


> 2NT + 3Mg(OH); 


My + S$ -=-—>, Megs: (magnesiun, sulphide). 


5. Reactions with halogens... . : 
Alfigroup Ale A. elementsireact directly with halogens giving halides ofthe type} MX. e.g. 


Ca+-CGh-————» Ea€ls: — - 


6. Reactions with water 
eo. (Berylliumidoes: nor: react with water even abred!houtenperature, : ; 


0 Magnesium-is more reactive:than:bery. lium:.cvemthough itis-:no attacked!by cold.water. Magnesium 


slowly with boiling water andiquite rapidly with: steamto liberate!liydrogen. 


My) 7 H3Qq) <A> MgO + Hove 


reacts 


—— 
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. ; = 
eo Calcium, Strontium : | | | 


and'barium produce bydroxidesswith water, 


Mt QUk@ Ley yy, (OM)3 +s 


EIR GIO’ 


Q:5 Discuss the trends in chemical Properties: of compounds like ‘oxides, hydroxides, carkonates 


sulphates of Aand'llA group eléments. 


nitrates and 


aliiirendlin/Propertie: 


wee ma Nants 


NErtiesiotiGompoundsiof Alkaliant 


andiAlkalineiEa 


ear oxides 
Alkali metal oxides dissolve jiwater to uive strongly alkaline solutions. For example; 
LO. + 1O,,, > 2ION 


2NasOrg QO, =——> ANDO gy t One) 


The reaction of am alkali metal oxide with water is an acid: base reaction and not anoxidation retieiion reacuion 


since no element undergoes a change in is oxidation number. The reaction simply involves the decomposition of water 
molecule by an oxide ion, 


Oh “ He — 
Potassium superoxide (KO,) 
It has the ability to absorb carbon dioxide. while giving out oxygen atthe same ‘time. 
AROx. + 2©COy. ———¥ 2KCOy iy + 3029) 
That iswhy ivhas avery interesting/use in breathing equipments: for mountaineers and iin space eral. 
Group IIA: Oxides 


The solubility ofalkaline earth metal oxides in water-increases down: the group. BeO.and MgQ are insoluble but 
C a©.SrO and! Ba are soluble and; react with water to form the corresponding fivdroxides, 


CaQ> HO > CaO)» 
Basic character of oxides 


The basie charaeterof alkaliimetal oxides and alkaline earth metal oxides inereases dwn the group. ‘The tendency 
for group HA oxides to form alkaline solution is relatively less than thavofialkali metals. 


Group'Il-A 


>» 20H 


Berniunt oxide | Amplioteric) 
Magnesium oxide (Basic) 
Caleitim oxide (Basic) 


‘Lithium oxide (Basic) 
Sodium oxide (Basic) 
Potassium oxide (Basic) 


BeO)is auipHOters in nature. Since it reacts with both acids and bases, 
BeO + H:SO; > BeSO; +10 
BeO + 2NaOH ——> Na BeOs + 11,0 
Sodium bery ate 


| 1aiHydroxides | IIA'Hydroxides | 


ae on ; 7 LON. [Betis = 
NaQil IMHO]: 


KOU Ca(OH): 
RKO Sr(OH): 
—CsOH oy}, Ba(OH)s 


(a) Solubility of hydroxides 
The alkaljimetal hydroxides are 
~ @  Alherystalline solids. 
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2 Highly soluble in water except LiOH which is slightly soluble. 
e Generally hygroscopic. 
eo Very strong bases. except LIOH, 


The solubility of alkaline carth metal hydroxides in water. inereases down the group, Be(OH)» is is guise insoluble, | 


Mg(OH)> is sparingly. soluble while Ba(@H): is:more: soluble. « 


This ‘increase in solubility is:due to increase:inithe size of cations. Due to greater jonic radii ote group HA cations, 
the ‘lattice energy of hydroxide decreases. 


(b) Thermal stability -- 


2 Alkali metal hydroxides are stable to heat: except LiOH, while alkaline carth:metal liydroxides ike Mg(Ol); and 


- €a(Ol); decompose onsheating. 
2LIOH,.) ——— Lin@) + HOw 


\Basic strength Increases from LIOH to CsOH 


“Lime water: A saturatedisolution of Ca(OH) in.water is callediLime water. It is:usedias atest for’ CO). 


Mg(Ol)4 ———>_ MgOj) + FOy 


Milk: of Magnesia: A suspension:of Mg(OH), in water is:called| Milk of magnesia, Itisused for-treatmentof acidity. in 
~ stomach. i : 


‘ BaCO, < MgCO, < CaGG, < SrCO, < Bao, 
a 7 SSS SSS 


; ! rer Increasing ionic character and stability 
(a)\Garbonates of Alkali|Metals y 
The'carbonates ofialkaliismetalsiare all'soluble in\water atid are stable towards heat except 1-i;€Os which is;not 


, 


only insoluble!but-also decontpose. ontheating to lithium oxide. 
LisCO; ———> Li,0'+ €O; 
The decomposition is\made ‘easy. because the electrostatic attractioniin converting: fom (carbonate: to;oxideis considerable, 
{nicase of large cation like)K’ in: 1K3CO; (pearl cD) the gain\in electrostatic atiractioniis relatively miuchiless-andthe” 
decomposition is difficult, Sih 
Sodium:carbonate: It'is very important:industriali chemical. Atitemperature below.35.2°C, NaxCO, crystallizes out from 
water as Na:@@3.10H3@ whichis called: ivashing soda. Above'this:temperature it crystallizes: out.as 'Na;CO3. HsO0..On 
standing iniair. NaxCO3. 10H30) slowly loses water and converted'to aiwhite powder NaxEO3.Hi0.. ce 
Aqueous solutioniofiNa;CO, is basic in‘nature: The solution of'Na,CO3 in water isibasic due to) hydrolysis ofthe 
carbonate ion. Na2€O;+ 2H30 — > 2NaOH'+'H2CO; 
- (b):Garbonates of Alkaline 'Earth\Metals Ei Rae = 
© Unlikeithe: alkaliimetalicarbonates. thie alkaline-earth metal! carbonatesiare only very,slightly.soluble inswa 
the solubility decreasing :downithe group: 
°o OT hey also:decompose on! iheatingandithe ‘case of! decomposition:decreases down the group: 
: CaCO, ——> ‘CaQiy-F ECON, - ' 


ttice 
The:case:of decomposition: can be:related'to\the size-of the metal: ion, the Smaller the ion; the more is:the Jatt 
energy of the resulting oxide and} hence, higher the: stability on the producer 


ter; with 


o ‘Nitrates oftbothalkali: aa alkaline earth) metals:are‘soluble:in water. 
‘° “Nitrates: oft Li,/Me, Ea: and\Ba decompose'on' heating:to'give'O3, NO: andithei metallic, oxide. 


4uiNO; ——> 2Li,0%4NO;+O, _ 
2Mg(NO;);———> 2MgO'+ 4NO; +O, 


Ans 


2Ca(NOx)) ———». 2¢409- INO. + Os 


2 ‘The nitrates 
iitrates of Na-andik decompose to give metal nitrite and O., 


2NaN@; ——~-» 2NaNO- + O- 
eee 


e All the alkaliime 


tals: sulphates are-goluble inv ater, 
The solubilities of sulphates of alkaline carth:met 


© BeSO, and MgSO, are i 
insoluble, 


als, gradually decrease: down the group 
ely in water. SSO is slightly soluble and SrSQ, and: BaSQ, are 


Q. {b) Why the'aqueous salution of, Na,CO, in nat 7 
nature? 


|s'alkalinein nature? 


almost 


GE — Sodium carbonate is formed by, the 


reaction of sodiun hyd @ g i 
tianteee roxide (strong base) and:carbonic adid (weak acid). 


cd in.water, it converts-into sodium hydroxide and carbonic acid, 
Nasi + 4430 —» 1kGO:+2Na° + 20H - 
NaOll is avSirong base and is completely dissociatedto give hydronide i 


ions. FCO. is a weak acid-and-is not 
eonipletely dissociated, For this reason, solutionof sodium carbonate: 


In water is alkaline in nature, 
11(b) Why ‘lime water-turns milky. with GO, but: becomes'clear.with excess of. €O;? 


Anise 


When CQ; is passed through lime. water. calcium ¢ 
lime vater turns milky. 


Ca(OH): + CO; — > Ca€O;,+ tho 
When excess of CO; is passed through it, soluble calcium bicarbonate is formed. Thus the 
CalCO;+:Hi07CO, ——) Ca(HEO:)> (water soluble) . 


ne | » 
a 5 POL ‘ 


arbonate is formed whiel: is insoluble in water, due to which 


solution’! becomes clear, 


Gypsum 


~ Calcium sulphate-avcurs in nature-as gypsum CaSO,.21130. When it is gently heated-above 100°C.it losesithree 
quarters ofits water. of crystallization, giving a:white:powder called Plaster of Paris. 


2€aSO,,2H;0 —22"-> (@aSO)11O + 3HO 
Gypsum. Plaster of Paris 


Q:11\(c)) How gypsum is converted into plaster. of Paris? 


Dihvdrated‘caleium sulphate (GaSO). 213 20) is called Gypsum, shereas half hydrated calcitm:sulphate (GaSOj. 
= ‘4H}O) is called plaster oftParis. 


When gypsumisigentlyheatediabove : 105°C. it loses, ihiree quarters of its water ofcrystallization and converts into 
Plaster.ofPatis. © 


100°C 


2Ca$O}.. 21130 — +(€aSOs)2.13O + 3H:0 


Gypsum Plaster of Paris 


Heated. i! rongly healed 


1207.G 
€aS0..2H,0 22> caso,. 24.0 ———> (CaSO), HOE > caso, >a’ + SO; + 0, 


Gypsum (Onthohombic) Plaster of Paris Anhydrous: Lime 
: (Dead burt) 


* (monoclinic) - 
n HO | 
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his x a MECweD = SECS) ite ne pp SSP aRarese aoe Eile eae Bl atts oe 
E <P ro Sai All Bierce eas Alkall Metalsee nee 


One electron is present in the valence 
shel}. The configuration is ns’. 


Two electron are present in the valence 
shell. The configuration is ns’. 


Electropositive nature _ Less electropositive ‘More electropositive 


Hydroxides 


(v) 


Strong basis, highly soluble and stable 
towards heat. 


Weak basis, less soluble and decompose 
on: heating ; 


These are not known in free state. Exist 


. * if ate 
only in solution. These are not known in solid state 


Bicarbonates 


Soluble in.water. Do not decompose on 
heating (Li,CO. is an exception). 


(vii)\| Action of nitrogen ~ f Directly combine with nilrogen and form nitrides| Do.not directly combine with nitrogén except Li. 
fiw] Acton ot carbon | Directly combine with carbon and form carbides,| Do not directly combine wilh carbon except Li 


Ni : Decompose on heating evolving a mixture of 
fates NO, and oxygen. 


Carbonates Insoluble in water. Decompose on heating. 


Decompose on heating evolving only oxygen. 


Sulphates, phosphates, fluorides, chromates, 


Sulphates. phosphates, fluorides, chromates, 
oxalates, etc., are soluble in water. 


oxalates, etc., are insoluble in water. 


Solubility of salts 


Are less reactive and comparatively harder 


: . ? ints. Paramagnetic.* 
metals. High melting points.. Diamagnetic Soft: low meltingypoints 9 


‘ Physical properties 


i The compound are extensively hydrated. 
MgCl,.6H,0.CaCl,.6H.O and BaGl.. 2H.O 
' are hydrated chlorides. ' ‘ 


The compound are less hydrated. NaCl, KCI 
and RbCl: form non - hydrated chlorides 


Hydration af compounds _ 


Weaker, as ionisation potential values are high} Stronger, as ionisation potential values are low 
Redusing power 


and ‘oxidation potential values are low and oxidation potential values are high. 


Commercialipreparation of SodiumibyiDown's G 
Objective _ 


This-cell is: used for large seale preparation of Nametal. 


Principle 
Most of sodium metal is- produced by the electrolysis of fused sodium 
Hing point of sodium chloride is 801°C. some, calcium 


cinoride, Since the me 
ts: melting pointiandto:permit the furnace operate at about 


chloride is added to lower i 
Haer’c 3 : . : ee 


Construction and working Down'scell 


. . = . - j . Par » forthe 
Anode: In the-electrolytic cell..the large block.of graphite at the centres th@anode above whieh there is adome for! 


vollectionof chlorine. BG g “a 
s . 1 + = Arle) ¥ i ann ror 
Cathode: ‘Wie cathode is a cireular bar of copper or ifon whieh) surrounds the anode but is separated from tt by an 


servens whigh ig terminated in aigauze. ‘ae 
3 i * . £ . = -* CH 
‘The arrangement permits the electric current to)pass [reely but prevents sodium and:ehlorine rom nUxine se 
thes have been set free at the electrodes. Sodium metal rises in a special compartment from which it 1s taken 


itervals. 


Gell products: ihe ce 


Ihproduces'dry chlorine and.99.9 pereentypure sodium. The)process is.carried ouL al G008C : 


ents) | 


Swe 
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Reactions 
When sodium chloride is heated at hightemperature, itionizes-as follows: 
Nal Na’ +r 
Na tons move towards eathode and ai ions move towards anode. 
At cathode Nal+e -——»Na(Reduction) ‘ 


‘ y | 
At-anode cl) —-» 3 Cl; +e (Oxidation) 


Net cellireaction NaCl —-» Na + ib Cl 


Q:8 (b) point‘out-the three advantages Of. Down's cell process. 


Advantages of Process 


Ciraphity 
» nade 


(a) ‘The metallic tog is not produced ; Sodium hydroxide, NaOH, is soft, waxy, 
(b) Liquid:sodium can easily be collected at 600°C. white, corrosive solid, \t-is: commonly, 
(ce) Material ofthe celliis nobantacked by the products formed during kocwniss,lveion calistiesea: 
the electrolysis: hs . CMonne - ; 

+S g 5 aN Gas dome 


Q. Describe with»diagram the manufacture of Caustic soda by 
diaphragm cell. x 
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ian eqs 9 at loniof. ‘Sodium A __ Asbestos 
by the!DiaphragmiCell Salt tiniyn venue 


Objective eg 
This cell is used for large scale preparation of NaOH 
(Caustic Soda). j 
Principle 
Sodium hydroxide is manufactured on a large scale by the 
cleetrolysis offaqueous solution of common saltin a diaphragm cell. 
Construction and working: 
eo ‘Tlie cell is made up of steel tank, An oblong perforated ‘steel 
vessel lined inside with asbestos diaphragm serves as accathode, 
© it is provided with a constant level device to Keep the vessel 
filled:to:the specified level with'brine. 
© A graphite anode ‘is held within the U-shape diaphragm and it 
projects into the:salt solution. ; 
© The steam is blown during the’ process which keeps the ‘Nolson cell'for the production of NaOH. 
_ electrolyte: warm'and helps to keep the perforations clear. aon 
© The chlorine releasediat the anode. rises into the dome atthe top 
while hydrogen released at the cathode. escapes through-a pipe. 
The sodium hydroxide solution slowly percholates into a\catch 
basin. 
Reaction at-anode 
When the electrolysis takes place. chlorine is given off at 
the anode according to the-following reaction. . 


: LG) 4 2¢° 
IC Vg) —PElver * 2€ 


Steel tank 


Catelt basin 


Perforated tron cathode 


Water on this stde tums inte 
sedi fydnnide ulation 


"Sedum chonde satation 


ry 


Anite Diaphrazin Vathade 
Reaction:at cathode: copanment } copipartiient 
At the cathode. hydrogen sis discharged by the reduction o 


Thie figure shows a simplified version 


wate ; 
ler of the cellin order tounderstand the 


. —_—_——_—) ? ME. A] "7 TC 
2HLO + 2e » 20! Nags ‘ Hoie) purpose of diaphragm. 


The overall ‘etic of the above reactions is that the! bine loses its.chloride ions andthe sation turns: ines 
alkaline in cathode compartment, 
Problems during: working of cell 
We can fave two major problems during the working of the cell, 
}. Chlorine produced can react with hydroxide fons in-cold giving: hypochlorite ions, 
Chay + 20) fag) —— OCK, aq)” +Chi, aq) + H30— 

2, Wydroxide ions may be-atiracted|towards anode, where they can be dischargedireleasing oxygen gas. This oxygen gas 

may contaminate: athe: chlorine andirenders it impure, 

40H" ———>> SHBOHIGs FAC" 


Solution:of Problems. 
L.. {EWG first. problem: is: solved -by using asbestos diaphragm. This keeps the two solutions separate while allowing 
-sodium ions to mave towards the cathode: This movement of ions keeps the current Mowing through the extemal 


cireitit. 
The second problem is solved by keeping the level of brine in.anode compartnient sliphtly higher, this’keeps the 


direction of flow of liquid towards the cathode and thus:preventing the possibility of hydroxide i ions to-reach the 


anode. . 
Gollecting'NaOH : » 
‘The solution that flows out of the cathode compartment contains [11% NaOl and 16% NaCl. Evaporationofithis 
solution erystallizesithe less soluble NaC} whieh is-filered off, the liquid telt contains about 50% NaOH andionily 1% 
NaClasan impurity Kor commercial purposes Hu small impurity is nol important. 


Its eheniiealin name is cis eaeeaReNRREE di —_ a chemical formula is CaSQ).2H3@. Jtas aminerali that occurs 
in large deposits throughout the world: . 
(a) Role of, Gypsum in: Agriculture 
~ Gypsum is appliedito the soil as a source of caleium:and sulphur. The calcium supplied iby gypsum! in 
lertilizers:is of importance in:crop production in areawhere soilsare-subjectito extensive: leaching. e 
Importance/of Sulphur iniPlant growth Hee 3 ; 


o It has been recognized as an essential constituent-of plants: For centuries:‘sulphur compounds. had been applied ito 
soils:because'of their observed beneficial effect on plantygrowth, 


eo lt servesiais acconstituentiaf protein: and various other compounds: iniplants. . 

a ‘Itthas-antinfluence-onchlorophyllidevelopment injplant leaves. Plants'deficientiin: sulphur exhibits.a pale green colour. 
oe ‘The raot'systemof severaliplants‘has| beenobservedto'be greatly. enlarged iby thelapplicationiofisulphur. 
Ivhas:heen:reported(that,gooad:crops.are.produced'by. the application ‘ofisalphur. containing: materials such:as:svpsum: 


(b) Role of’ Gypsum in Industries 
Whenigypstimis'heated under caretilly: controlled Aiauitesn 100°C. itiloses:three quarters 


of water of: crystallization, The resulting: prodivébis called!Plaster of Paris: 
2(CaSO,.2H,O]——4(Gaso, ), +H,0+3H,0 
Gypsum "-Plasteriof Paris - 
Whenigypsumiis heated Strongly at 400°C. it forms anhydrous salt: which absorbs water 
Slowly. Such plaster is:called!“Dead burnt’. ° 
GaSO,.21H:0—=.CaSO, +2H,0 


‘Gypsum Dead‘ burnt 


Q.11 (e) Why lime is:added to an acidic soil? - 


ame 
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Setting of Plaster. of Paris 


Maste ; 
Bra Plaster of Paris whenmixed with halflofits weight of water, it: fornis a plastic type viscous m 
a poe mass. This process is completed within 10 to. 15 minutes. Durinw the process, v. 
volume-also‘oceurs, which fils the.moulds: completely andithusia sharp impression lis achieved. 
Setting Hard 
(CaSO,),. HOT CaSO,, 2H,0 =“, caso, a4.0 


: Plaster of paris " Orthohombic’ Monoclinic 
Uses of:Plaster.of:Paris A 


(i) [ts used for making plaster walls! castsof slaluary. coins, etc, - 


fi) [ti : 
(ii) s-used/in surgery, plaster offParis bandages are used for holdinginiplace fractured/bones after. they have been set. 


(ili) Special plasters contain pl f 4 
aster oO aris and other ingredients’ Which vary with the dema) § of the use to whi h 
Hi Cc 
hey are to be put. 


Varieties of Plasters 
Two varivties.ofiphisters are made, 
(1}'Cement Plaster. 


TS stor ae Wate Nit ’ H 
It is plaster of Paris to which usually glue or:other oils have been added as retarders to prolong (he timeof 


ass and then sets to'a 
Xpansion about 1 % in 


setting, 
(2)'Hard'finishPlasters 


‘These are made by the caleinations ofthe: anhydrous siilphirte With alum‘or borax. These plasters-are set very 
slowly but give ahard:finish, Sees ar ine 


When mixed with wood pulp and allowed :to sel in the form, of boards, it forms a material. mueh used in the 
consiruction.of buildings as wall boards:and)partitions, : 


© Gypsumis also used as filler injpaper industry. 


FOR OLNCR 


Qn. (a) Why 2% Bypsum is: added inthe cement? 


Portland cement is'made'by strongly heating a finely powdered ‘mixture oficlay-and!{imestone. The' final! iproduct.. 
knownas clinker. is cooled and then. ground into avery fine! powder. During:the'p grinding there is‘added'about 
2% of'eypsum which prevents the cementfrom hardening too: 0 rapidly. The addition ofigypsum inereases'the 
setting: time of cement, 


Lime, ExtGdOy} is a soft, white compound aclirehi is obtained 'by. the thermal! decompositionofi€aGQs. 
CaCO, —++CaO+ co, 
(a) Role ofilietinagrieulture 


© Large quantities oficaletum,oxide (CaQ) are:used in agriculture for neutralizing acidic soils. It has been found that 


application ofilime:to acidic soils increases the ‘amount off readily soluble: phosphorus, 
° Calcium oxide is used in large amounts for making lime-sulphur. sprays which have a:strong tineicidat: action. 


Slaking: of lime os 
The hydroxide of calcium is obtained when the oxide of the calcium is: allowed! to’ react with water. The process) sis 


called:slaking. ofilime and itis an cxothermic:reaction. 
€aO+H,0 ———=> ‘Ga(OH), (Slaked: Hime) 


PORE: 


Chapter 2 (s- Block: Elements) 


The presence of calcium is essential for the normal: development of plants. ‘The quantity of calcium, required | by 
different plants varies considerably. Its main functions are: 


(i) An adequate supply of calcium appears to stimulate the-development of root hairs and, in fact. the entire root 
system. . 

(ii) Iv is necessary for normal leave developmentand tends to accumulate inideaves as wellas‘inibark. 

(iii) = Amadequate supply of calcium is also essential forthe optimum activity of micro-organisms that produce nitrates, ” 

(iv) The effect of calcium on the supply of available phosphorus.in the soil is of special signiticance. Soils:containing 


sufficient calcium are slightly alkaline-in nature. ; 
o = When aideficiency oficalcium exists. various substances.such as aluminiumi(Al)andi:manganese (Mn).may accumulate 
in.plants intharmfuliconcentrations. 


are 


z sy fe 
| EICR GAC 
-(b) Role of Lime in Industries ; 
“A. barge quantities of lime are-usedtinithe extraction and refining of metals. ‘ 
2. Lime isalso usediin paper, cement and leather industries, 


Q.11\(f) How:lime and sand/are used ito make.glass? 


o The ability of lime to react.with sand.at hightemperature forming calcium silicate (CaSiOs) serves as. animportant 
basis for glass manufacture. : 
CaO + SiO: 


© ‘Lime isusediiniceramic industry for producing differenttypes of sanitary materials. 


—— €aSiO; 


Q.41\(g) Howlime-mortarisiprepared? ee ere ie 


ansifl Ordinary mortar. also called lime mortar, is prepared by mixing treshly slaked' lime (one volume) withysand 
(three. or four-volumes):and:water to fornvaithick paste, ‘This material when) placed! between ithe stqnes and bricks 
hardens.or sets. thus binding the blacks firmly together. The equations forthe chemical) reactions that (ake place 
when mortar/hardens:are: . ® 
Ca® + H3O ——> CaO); 
Ca(Oll), + CO; ——> _EaCOz+ 110 
Ea(Oll): + SiOs —— CaSiO; + 10 


6. Litneiis‘also used inirelining of sugar and other food)products. : 

7. Lime isusediinithe manufacturing of bleaching powder. which is used for the bledehing olithe fabric and|paper: pulp. 
: Ca(OH): + Cl, ——— Ea(OCNEl + 130 

8% A suspension.ofithe calcium hydroxide Ca(Ol): is:called milkofilime andiis used as awhite-wash. 

9; Whenilime issheatediwith coke at ubout2800°C in an electric furnace. caleitm carbidelis; produced. 


Ca@ + 3€ ——— Cas + CO 
calciumcarbide. 
Calciumicarbide onihydrolysis produces acet¥lene- : : 
Caz + 2180) ——— > Ca(OH): + Esty (acetylene) ; : F 
10. Lime is ofien employed/as-aidehydrating agent; for cxample. inthe preparation ofabsolute‘alcoholiandithe drying ol 
ammonia\yas..Avmixture.ol sodium | hydroxide and'calcium hydroxide: (sodatlime) is often employed'to remove both - 


water and carbon dioxide from certain gases. 


eee 
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KEY POINTS 


1. The elements:of grou . ; 
: sol p I-A except hydrogen are called “Alkali metals” while sc 7A ate named as 
Prertemearocrs iY i i ile those of group I-A ate named as 


A ki qi metals have only one electron in Ssorbital of their valence shell. They lose:one electron iofithe valence shell 
forming monovalent\positive ions, fF . prt aie 
3. Alkaline earth thetals have ww i ital of their vé j 
s have wwo-electrons in s-orbital of their valence shell. ‘They lose tw formi 
CAC vl ’ : > two electrons 
dipositive ions M"', Seiad. eee 
4. Spodumene, petalite, halite hatron, alinite are the commonminerals ofalkaliimetals. 
Beryl. mugnesite, dolomite. epsdm salt, asbestos, ealeite. gypsum and barite.are'the importantininerals:ofalkaline 
sarth metals. - “ 
6. Lithium behaves differenttromthe othenalkaliimetals, 
7. Lithium: fornis only normal oxide. whereas the other:form higher oxides 'like;peroxides and'superoxides. 
& Bery Thum is the only member of group ilk whichireacts withhalkslies to give hydrogen, ‘Thejothersmember.do not 
; reden with alkaliés, | 
), Nitrides hydrolyse vigorously when treated with water, givin NH; \andirespective livdroxides. 
(H bi eye . A . i ps . A . . = - 2 x 
10. Nitrates of lithium, magnesium and barium on heating give oxygen. nitrogen peroxide andthe corresponding. 
metallic. oxides, . : 
ti. ; When gypsumiis heated above 100°C, itiloses three quirters ofits water offerystallization. giving white powder,ol 
CaSO 1.1/2) HO which is called plaster off paris. : 
12. Sodium is prepared by the electrolysis of malten sodium. cliloride iniDown’s cell; : 
13, Calcium is necessary for development of leaves and it tends to accumulate in leaves and: bark. An adequate - 
quantity of calcium is essential forthe optimum activity offmicroorganisms that{produce' nitrates. 
14.0 Lime is usedlin paperand glass industries. Inis also used! forreliningsugar products. - 


Qh. Filllin the blanks. ; 


(i) Alkalimetals are reactive'than alkaline— earth metals. 

(ii) Alkali metals decompose. water vigorously, producing and‘hydrogen, 

(iii) When heated: ina current of dry hydrogen, alkaline carth metals form white crystalline: oftthe 
type MII. . : : 

(iv) ‘The beryllium hydroxide, like the hydroxide of aluminum is amphoteric, while the hydroxides of the — 


other. members ofithe-zroup IIA:are on: ‘ 
(¥) The.clements ofithe:group Aare termed‘as alkaliimetals, because: their are alKaline. 


(vi) Spodumene‘is:an ore.of —_ metal: 
- (vii) Alkali metal/nitrates om heating give.the corresponding 


(viii) ~Na,€O,:1,0 isthe chemical formula ofa mineral‘of' sodium which is known as: > .£ 


Tandoxygen. 


(ix) Metallic bicarbonates:are decomposed on'heating into their.carbonates, along with and 
(69) Metal nitrates:other: than\the. alkali:metals on heating decompose into the corresponding metal 
alongwith the evolition ofinitrogen peroxideand oxygen. gti yu 

Answer Key. zi aa : —— — ee -- 
“( pre || Gi) || fvetalihydroxide: 


Basic . 


{Oxide 


42 


SS —————————— 
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Indicate True or False. 
(i) Group IA elements are called alkaliimetals because their chlorides are alkaline in:nature. 
(ii) Alkaliimetals are very good conductor of electricity. 


(iii) ‘The hydroxides of alkali metals and alkaline ~ carth metals are soluble in water. 

(iv) Plaster of Paris is hemihydrate. 

(v) Alkali metals:have low melting and! Boiling! points:as compared:to'those ofalkaline — carthmetals, 

(v1) Lithium carbonate is ‘decomposed to. its oxide, but the carbonates of the other alkali metals are stable 
towards heat, 

(vii) All alkalimetal'sulphates are insoluble inwater 

(viii) Lithium combines with nitrogen to from lithiumnitride but other alkalimetals do not:react with nitrogen, 


(ix) Tronais mineralof lithium, 
(x). Alkaline - earth metals are stronger reducing Agents hantalkatinietels 


Answer Key. 
FO a ae ee 3 


Q3,  — Multiple‘Choice Questions. Encirele the correct-answer. 


(i) Which one ofthe following. does not‘belong to:alkaline-earth metals? 
, (a)\Be (b)iRa (c)\Ba C)) Rn 
(ii) The oxides ofiberyllium:are? 
(a) Acidic (b) Basic’ (c) Amphoteric ()) None ofthese 
(iii) Whichjion will|haye maximum valuc oftheat ofihydration? 
(a) Na (b) Gs" (c) ° Ba?! (4)  Mg™ 


(iv), ‘Which one ofithe following is:not-an alkali metal? 


(a)!Francium ~ a (:)) Gacsium ° (c)iRubidium | ~  (d) Radium 
(¥) Which,of'the following sulphates is not.soluble in water? : 

(a)'Sodium Sulpliate —_ (b)!Potassium:sulphate (c) Zinc sulphate ()) Barium:sulphate 
(vi) The clement:cacsium bears:resemblance with 

(a)y, 32(Ca) = (b)).. (Gr (c)  Bothofithese (d) | None ofithese-metals 
(vii)) Chile saltpetre has the chemical/formula? oe Be 

(a) NaNO, (b) - KNO, (c) ° Na,B,O, (d) Na, €O,.H,0 
(viii) The mineral CaSO,.2H,O has:the generaliname: 

(a) Gypsum (b) Dolomite (() Calcite (d), Epsom salt 


(ix) Down’s.cell'is:used to;prepare? 


(a) Sodium:carbonate (b)} ‘Sodium :bicarbonate (c)'Sodium: metal (a) Sodium hydroxide 
(9) Which element:is deposited ‘at:the cathode during: the electrolysis.of brine in\diaphragm: cell? 
(G)) H, ) Na. (2) Cl, (d) OF 


Charge 


Heat of hydration « charge density = Siz 


, (¢) Sodium metal 


“4. Write chernical formulas of (a) Chile Salt'Petre 


. <r 


13. Write down\the chemical formulaiof (a)/Sylvite 
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{d) Radium Radium is an alkaline earth metal, 


Alkali metal sulphates are soluble in-water. ZnSO, is also soluble. 


<. Rb & Fr. 


(d) None ofithese metals 
‘a 
(a) Nan ‘NaNO is ansimportant ore of Na. 


si és Gypsum is Iinportant source of calcium. 


Down sicell\is,an electrolytic cell'inswhich Na metal is extracted by the 
electrolysis of molten NaCl. 


2130, +. 20° ——> 2011 


Cs is. alkali:metal:and bears resemblance with Li. Na, K 


1;,,, (Cathode) 


ing t 


(b) Sylvite - 


2. Discuss the\role of lim@in Agriculture. 
3. Why. the solution of Na.CO, in. wateris basic. ininature?. 
4, Write names and formulas of two ores of Potassium. 


8, Whatis milk of magnesia and give its uses? 
6 Complete and balance following:equation: 


(a) BeO+ NaOH > (b) CaO+C 

Give products and balance: 

(a) KO. +CO, > (b)Mg,N, +H, —> 

8. Give the trend:ofisolubility'of group. IA hydroxides in the, periodic table with aireason. 
9. What is clinker? Why 2% gypsum is added inthe cement? 

40. Whatis.the function of calcium in plant growth? 


14. Give reason:how magnesium and calcium:react.with nitrogenito give nitrides; which on hydrolysis: give. 


ammonia? : 
42. What do.youimean by dead burnt? pee 
(b):Chrysobery! 7 
14. Pointiout:the three advantages: of'Down's cell. 
15. . How Lime Mortaris:prepared? 
16. Justify thaf'Be© is-an-amphoteric oxide. 
17. Give formulas ofthe minerals (a) !Halite (b) Natron 
48. | Why lime water turns milky with €O, but: becomes clear-with excess of CO, ? 
19.  Give'the reactions of BeO with acid:and base.. : 


20. | Name'the soluble sulphates of alkaline earth metals. 
24. Mention three important'raw. materials for-the manufacturing. of cement. 


22. Draw and'label the diagram of'Nelson cell. 
For Answers study 
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=> MCQ's = Entry Test Mca’s. > 
> Additional Short Questions: with Answers 
Previous Board papers and Many More in the Objective Chemistry 


ISTRY (© 


TINCORE From Past: Board} Papers 


GROUP IIIA AND GROUP 
IVA ELEMENTS 


Q14. Give'the.names, electronic configurations and occurrence of Group-IIIAelements ofithe:periowictable. _ 
Group IIIA: Elements 


‘The.clements-ofigroup tA: ofithe periodic ible consists ofiboron, aluminium, galliym, indiunvand thallium: 
Electronic‘configuration ofigroupiIIIA\elements 


———— ——- 


LsiElement: Symbol) 


537, dd!, Sp®. 687. 4 

The small size and:high nuclear charge make boron: non-metallic While allithe other-clementsofithis.group are metals. 

Theabrupt increase in metallic character fromiBito Allis associated with the inereased size offaluminium atom: 

¢ The inerease in the atomic size is not regular in this group. This is due to the presence of d electrons in heavier 
members which ihave poor shielding ¢ffect than s and p-clectrons. 

e Melting points of group IITA Ucerease downward in a group due to increase in the size of atoms ‘but-with few 
exceptions. 3 u : : 

® Kirstiionization energy decreases,downward in group duc'to\increased 'size of atom. However first!IP‘valuc\increases 
from Alito Ga due to the poor shielding of d-electron. First I:E. also'shows abnormal | behaviour ‘from In\to Tliducito 
the presence'ofi f"-electrons. By poor shiclding, the force of attraction'between nucleus and electronic cloud|increases. 


Physical/Properties of/Group)IIIA\Elements = 


| Boiling @eints (©) 


“Ist Ionization energy (kJ/mol) _ 


Occurrence:of'Boron 


® Boronis notan abundant element. It occurs traces in mostisoils. 


" 
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e It has been found to be essential in very small-amounts for the proper growth of many plants. 


e Boron is always found in nature combined with oxygen, usually as oxyborate ions. Boron occurs principally as salts 


Bicaligormula) 


of various polyboric acids. : 


CasB,O0; ).5I LO 
11;BQ, or B(OH), 


The other elements of group IIA gallium, indium.and thallium are relatively rare and are obtained as by-products during 
the processing of other metals. : 


Q.15 Discussithe peculiar behaviour of boron with respect:to the other members of Group-IllA‘elements. 


Peculiar Behaviour of Boron : 
‘Boronsis the first member of the:Group IIA. It shows many dissiquilarities with the members of its own group. 
The difference in the properties of boroniandithose of the other members ofthe series is mainly due tothe] ary difference 
intheir sizes and:ionization energies. ; 
1. Boroniis the only element in. Group IHAi whichis non-metallic in behaviour. 
2, Ivis:the only clement with less than four electrons inithe outermost shel] which is not,ametal. 
3. Boronialways.uses allithe three of its. valence electrons for bonding purposes and its common oxidation states are +3 
and —3. : : 
4, One of the outstanding features of the chemistry of boron is.its ability to form molecular addition-compounds. 
5, Boron docs not form ionic compounds with‘sulphate, nitrate or other anions because boron doves not forma ‘stable 
cation. 


Q16..(a)\Whatiis the borax?. 


Borax (Sodium Tetraborate, Na;B,0;-10H;0) 

Borax: is the sodium salt of tetraboric acid. HiBiQ}. It is most important of all borates. Its tic AL name. is 
sodium tetraborate decahydrate. (Boric acid|i isiformed!by NaOH \(a.strong base) and Hy 1B,Q;.(a weakiacid) sont is a) basic 
salt.) 2 po 


Occurrence:of Borax 
Borax: occurs.as.a) snatural: idepositicalleditineal'inithe driediup lakes of Tibevand! California, 


Q.16 (b)| Describe commercial preparation of borax. 


” Manufacture of Borax 


{i))From:Soda:ash =. 
Formally borax was manufactured by treating ahot'solutionof boric acid with the proper amount of'soda'ash: 
4N;BOs-+ NaxCO; ———> Na2BiO74 610 + CO; d 
~ Borax 


Boric acid 
(ii) Golemanite : : a 
= Now-a-days borax is:almost exclusively obtained from calcitim' borate. Finely powdered colemunite is: boiled wit 


NisCOs solution. when CaCO; precipitates out: andia'mixture of borax: and sodium metaborate‘is formed. 
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€a,BiQ,,; + 2NaxCO; + —— > 2CaCO; +'Na3B;0, + 2NaBO; © 
Colemanite : : : 


The clear solution-from the top is taken off and is'then allowed to‘crystallize, when crystals ofiborax separate out. 
To get more borax, CO is blown through the mother-liquor, the sodium metaborate i is decomposed into ‘borax, which 
separates: outin the fornvofifine crystals. 
4NaBO, +€O, —->+. NarCO; +'Na,BjO; 
Sodium:metaborate 
(ili) From Tincal 


Borax 


Borax may also be obtained: fromstincal (Na}B)O7.10H30):By ‘treating. tincal with ‘water and subsequently 
evaporating the clear solution, when crystals of borax: separate out. 


yo 


aroperties iofiBorax: 


(i) Boraxtis uwhite crystalline solid. 


(ii) [vis sparingly soltible: (very less soluble)\in cold\water: but;more soliible in) (ent water. In L00g.of water at 10°C only 
32 oliborax issoluble but at 100°C its solubility is 99.3) grams. 

If & saturated Solution of borax be allowed to. crystallize above 62°C, octahedral’ crystals of pentahydrate 
Na33,0:.511;0 separate out, but ifitemperature is below.62°C, decahydrate crystals Na1BjO:. 101 One formed: 


(ili). 


1. Hydrolysis : ty 
Aqueous solution ofborax is alkaline in nature‘duc to hydrolysis. 
NaiB,O;+'7H;0 ——> 2NaOH + 4Hj;BO; 
Strony'base Weak:acid : 
Aqueous solution ofiborax:turns.red litmus to blue duc 'to,the presence Ofialkali. 


© Borax-when dissolved)in water ionizes.as: 
2 
Na3B,0; ——> 2Na! + B,O7 , 


° Hydrolysis of B, ©} ions occurs. as follow: 


B,O7 +7H;0. ——> 4H, BO, +20H" Wee ties ie 


So a strong alkali/(NaOH):is: formed swhich is! ‘highly: ionized: On) the: silier hand: spate’ ‘acid! (HBO 3)iis ionized ito 
alittle extent’ because itis aweak acid. Hence, solution of borax as s awhole i is ‘alkuline-in‘nature. 


© Hydralvsisiis prevented inithe presence. ofiglycerine. 
2. Effect:ofiHeat 
When borax is heated, it loses water and swells up into:a white porous) mass due to ithe expulsion; of water, On 
further heating it melts into ayclear transparent: wplass, which dissolves many melillic oxides’ ‘forthing. coloured? beads, This 
reaction forms the basis Oftborax: bead:test. - ; <==: 
NasB,0;.10H:0 — ‘NaBiO; + 2NuBO?+ BO; 
Glassy mass: ie $ sete UM nesters <1 


3- Reactions:with Acids ; eros 
Its aqueous solution reacts with | HGl or: H2SO,4,to form'boric acid: 
'NasBiO; + 2HGl + 5130 ——>, 2NaGI + 41 BO; 


‘Borax ‘Boric acid 


NasBiO; + H:S0; + 5H}O———> NaiSO. +41 BO; 
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4. Reaction with Ammonium-Cchloride 
hen borus ts heated with aauaonigm chloride boron nitride is produced. 
NaBaUs + ENEQCL ——— NaCl: JBN Bis + HHO 
Ee 
Q4. Whatis.the action of an aqueous solution of barax an litmus? 


When borax js dissolved in water. it gives an alkuiice solution due to hydrolysis. 
Nask3,Q- + 7HeO > INaOH + ALLBO 
Strong alkali Orthoborie evid 


Since this aqueous solutian of borax isailkaline th mature, so, turns red iitmms blue. 


BoraxBeadT Test 


Objective 
vyepes : - : % . ‘ oo 2y gece 31 op,.2 aay, fee r 
his testis usedas confirmators test lor coloured ions Of the salt, ie. Cu?’ Be™, Mn" or er. Fe’ and) NP : 


Procedure ; 
Prepare a loop ithe end of ay platinum wire, Heat the wire anditake a little powdered !boray onthe hot loop. Heat. 


again. boran first sv clls up aad then melts into colourless, sliss- like beads onthe loop. 


Na ByQ, LOH. — fing? N88 Qs 
’ Amisdrous Borax (Swollen porous ines) 
Naa BO >2NaBO. + BLO, 


: | Sod. metaborate boric anhydride 
Now puta few grains of the substance, under exaiination, on the beads and re-heat it first in ile oxidizing fiaiy: 


andithen inthe reducing Mame. 


Chemistry of Borax:Bead Test . Fe 
=F - Borax. when fused. is degomposed into sodiuny nivtaboraie andsboric anity dride. 
NaB,O- > 2NaBO: + B-O: 


The metallic oxide ‘formed a the substance. under examination, combines with Bs 2; givingethe coloured 
metallic borates; With cupric oxide, the beads are coloured bluc insthe oxidizing Name because cuprie borates are blue in 


CuSO; —)> CuO + SO: 
CuO + B30; ——— Cu(BOs): . 


colour. 


dizing Mamet <.} 
| Blvish,reen 


[Green _ 
Reddish aes 
cer 


ee aa pune. 


{a) Borax is heated with CoO 


Qs. Give equations to represent:the following-reaction: 
(a) When borax is heated it loses water of crystallization. It swells up:into a white po 
ofi water. 


rous,mass due to’expulsion 


10113 RO) ee Na3B,0; + 10!H:0 
- : Sod: tetraborate 
When sodiumtetraborate is:fused, it decomposes into sod: Metaborate‘and'boric anhydride. 


. Na>B;07. 


purification, Fees R aR ee ae oe Bits 
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Nase). ——-» INgRey 
The cobalt oxide: combines-with BaG to aivesblue e-] 
Name, 


Be) 


(Borie amvdride) ; 
cated cobalt met borate. both in oxidizing and reducing 


CoO 4 BO: mr be BO 1 sshalumemborai6) 
= x we lll 
Q.16.(d) How does borax serve'asa water-softening agent? E 


Ans. 


ie H Hee of water is due to the: presence of softly salts of calium andsmagnesium, When baras is treated, 
ith hard water, it can remove’ Cay” aid My?" jons tion water as insoltthle caleium tetra burite and Masnesiun 
tuira borate respectively, : sri enh me per me on ene a 

Cas Na: By O- »CaBiO: + 2Na a Cn a 

Ma" = Nas By: > MEI. + Na 


Q.16 (c) Outline:the principal uses ofiborax. 


j It is Usedito prepare borate glass. whichiis heat eos 

2 His usedan softening oftwater, 

se Way wnplovediin'boray bead test. for the deteetion ofimet tallic cations, 
4 

5 


. 


Itis used'in metallurgical! operations. 
lis usedasa flux inwelding and inimetallurey, 


6. It is employed in making washing powders, 

7, It istised in leather industry for tanningand dyeing. 

. 

8: Avi Is used in vosmetics, soups. textiles. rete medicine, and mateh industry-and as a preservative. 


Q.12 Give the names:and the formulas of different-acids'ofiboron? 


__ There are four important boric acids. Ootiof these wrthoborie agid is the most important and the stable one, The 
remaining acids-are stable insolid state and change intojorthoboric:acid in solution: : < 
(i) Orthoboric Acid. HiBO: (ii) Metaboric Acid. IBOs. 

(it) Tetraborie Acid. H3Bi0-: (ix) 'Pyroboric Avid. H,B:0, 
HBO. = 130 ——> H;BO; 
Metaboric:acid Boric acid 
11B,0- te SH:0 ——_ 41:BO; 
Tetraboric acid Boric,acid 


e ~' 
OB 5 


Githobore Acid:or Boric ‘Acid (H;BO3) Tas } 
It-is well ervstalline: chemical: substance: (triclinic). sparingly soluble: ini cold waters(226% ats 02E) bur dissolves 


readily in hot Water (37%. at 1077). This temperature variation : inv solubility forms: the basis for’ its Separation’: und 


Q.17 (b)'How is boric acid prepared in’ laboratory? 


Preparation of Boric Acid 


1. From Golemanite 
On\commercial scale. boric acidii 
Suspending it. in boiling water while, sulphur dioxide: isipasse 
While. the other product €aS;:remains‘in the solution. 
CasBeOur: 5H)O + 280; + 4H30 


iis/preparcd! from a:natural calcium ‘borate called'colemanite: (Ga3B,O1).5H30)! by 
dithrough it. Boric acid: crystallizes out fromthe: solution 


> 2€aSO;. + 6H3BO; 
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2. From Borax 
A hot concentrated solution of borax is treated with a calculated quantity of conc. HiSQ,. On cooling, crystals of 


boric acid formed separate out. 
; Na,B,0, + H,SO, +5H,O ———> Na,SO, +4H,BO, 
Boric acid 


, - Borax 
LE | 


Qi7.c ‘Give properties of'boric acid. 
Q7:a _How.does orthoboric.acid: react-with: (a)Sodiumhydroxide (b) Ethyl alcohol 


Boric acid isa white lustrous crystalline solid/having:a:soft-soapy touch, very slightly soluble in cold water but fairly 
soluble invhot, 
seubleunthe . OG,H, 
luis volatile inisteam. Cc Hio—B” 
IU reacts with ethyl alcohol: forming. ethyl'borate. : ce OCH 
= ; . = . = ants 
H,BO, +3C,H,OH —— (GH,),BO,+3H,0 Ethyl borate * 
When heated strongly. it swellsito frothy mass Josing water mdlecules. It is first converted into meta boric acid, then 
totetraiboric acid\and lnallyto boric anhydride. 
HBO, —@*-> HBO,+H;0 
Metaboric Acid 


. 4HBO;—25-» ,B,0; + H:0 
Tetraboric Acid 
1HsBj0; 2s 2850; + 1:0 
: Boric. anhydride 
- Ibhis-aivery weak.acid and ionizes:to:a.very limited extent'mainly as.amonoibasic acid. 
H,BO, +H,@ ———> [B(OH), +H* 
- Its-solution’hasnoeffect on methyl orange, although ititurns-blue'litmus red. 
luis partially neutralized iby caustic soda to:give borax. . 
411,BO, +2NaQH ———» Na,B,O, +7H.O 
Borax 


When boric avidiis neutralizediby sodaiash (Na:€Q)), borax-is obtained. . 

4H ,BO, +Na,CO, ——» Na,B,O, +6H,0+60, . 
Boric acid being a weak acid cannot be titrated with alkalies in’ the usual manner. In theypresence of glycerol. 
however. iticanibe titrated against a:standard alkaliiusing phenolplithalein as-an indicator. In\the presence off alycerol. 
ivacts as much strongeracid as compared to pure HiBOs, ‘ : 


"QB. How will you convert boric acid into borax and vice versa? 


~ Gonversion:ofiBoric‘Acid:into Borax: 
Wheniboric acid is treated with caustic.soda (NaOH) it gives! borax. 
, 411;BO;+ 2Na@l] ———5Na;B,@: + 71:0 
Borax. 


Conversion of\Borax into Boric acid: 
Wheimaqivous solution afiborax: reacts with | Chor bhS@.ibgives boric.acid. 
Na2B,O- + 2ICh+ $10 -——> 2NaCl + JHGBO:. 
Boric Acid 


Lepr irra — : is a : : . a _ | 
Scholar's CHEMISTRY - XII (Subjective) Panis ze aad : 


NaBsO; + 1380, + SHiO0—§ 4 Na)SOj + 4H, BO, 


; ‘ Boric Acid 
Q.17.(c)'Giveuses of boric acid. ; = = 
WSesiofiBoric’Acid 


1. Boric.avid is used i ici ; 
5 .USed In medicines as an antisepti sti ietor 
eye-wash. an antiseplle, e.g. dusting powder, boric ointment and boric solution is used as.an 


2. It is used in pottery as 7. |: 

“ : Ollery as a glaze becgjus tie : 
“ " | YAS 4 glaze becuse borate elazes . f Ara etih 

coefficient of expaision, ale giizes are more fusible than silicate glazes and possess a higher’ 


3. tis also usediin candle industry for stiffening.of wieks. 


Q.6 Why.is-aluminuminot foundias a'frec element? 


Ans Aluminium is a reacting a Sno ist t fre y 
: C meti J and does NOL exist in eho ‘ i i ili 
‘ 5 fe ‘ a z e state. It is mostl found in'the form of alumino Silicates 


Occurrence of Aluminium 
° Aluminium is the third:most abundant element.in‘the earth's crust((afier oxygen andisilicon) . 
° . eerily iit e . ope . 7 . *. . 
It oceurs primarily as alumino-silicate. minerals found:in the rocks ofithe outer/pontion ofthe eanh 


Q.18'(a) Give the.names along with the formulas of three important‘ores ofialuminum. 


Feldspar g K-O.AbK0;.6Si¢ we : 
———$ ee MCQ's 


Mica (*iliscovite), -KELATK(SIO)a Whitt) of the following is 
Kaolin (Clay) | HAL(SiO,)2.HsO or AKOs2S10>.2E50 most abundant miferal of 
Corundum —. ALO; ile J Aliana 

5 : ——— : . (a)‘Al,0; 
Emerald | ALsF:SiQ, | (BJAIJO,.H50. 
Gibbsite | 4:01.30 or AION): l (c)Al;0,. 2H,0 
Baunite ~ | ALOs210 OA CHEESED: 


=e Hint: Bauxite 
Crvolite 1 NuasAlK, 
_Diaspore | AKO;.LEO or ALIO(OL) 


Q.18 (b) How.and under what conditions does aluminium react with the following 
(i) Oxygen (ii) Hydrogen (iii) Halogens (iv)Acids __(v)/Alkalies_ 
SRS, #126 ee TH 7 : 
artions eH! 
{a) Reaction with Air : 


Q. Why aluminium‘is said to be corrosion-free? 
When a piece of aluminiun sheet is exposed to moist air it acquires a thin, continuous coating of uluniinium .. 
oxide. which prevents further attack on the metil by atmospheric oxygen -and water under normal: conditions. 
Because of this aluniiniuim sheets are said to be corrosion-free. 


fe 


Heating of powdered aluminium at high temperature 


If the aluminium powder is heated to gyv?C and above. the metal will react with air to form aluminium onide 
AI,O;. and aluminiun nitride AIN, The reaction is accompanied by the evolution of heat andintense white light, 


4AL+3Q3°-—>2A1,03 
2AL+N, >2A1N: 
Utilization ‘ 


(i) Since the reaction is highly exothermic so used in thermite process. 

(ii) This property of aluminium.is made use of in flash light photography. 

(iii) Because of its ability to combine with both oxygen andinitrogen. the metabhis ofteniusedito remove air bubbles 
from molten-metals. 


Caution: Salt solutions corrode aluminiumibadly so aluminium and aluminium alloys are not “suitable for marine use. 
(b) Reaction with Non-Metals 
Heated aluminium combines with the halogens. sulphur, nitrogen: phosphorus and carbon, wecompanied by the 
2Ahg + 3Cls3 —— 2AICIi» 
Aluminium on heating with: hydrogen forms-aluminium hydride. 


evolution. of heat. 
2AL+ 3H3— > 2AIH; 

(c) Reaction with Acids : 

Aluminium is:amphoteric. Itdissalves iniboth acids andibases withithe liberation of} hydrogen gas. 

(i) With: Hel , 

Aluminium reacts slowly with dilute acid and more rapidly with concentrated hydrochloric acid to displace 

hydrogen, : 

>2AICI 


2Aly + 61 ICI.) Sua) +3H x) 


(ii) WithiH,SO,- ee : 


Aluminium does not react with dilute sulphuric acid, However..it'is oxidized! by hot concentrated'sulphuric acidito” 


liberate sulphur dioxide gas. 
2Al,,, + 611,80 


+ Aly (SO,) yy +38O xy) + SHO 


Mag) (aq) 


(iii), With| HNO; ; 
Aluminium’ does not react with nitric acid) at any. concentration: probably because of the formation of protective 

laver of aluminium oxide, ‘Vhe acid is said to render ‘the aluminium passive. Nitric acid is, therefore. frequently , 

transported in aluminium containers. 

(d) Reaction with alkalies : 

Aluminium.dissolvesiniboth sodium and\potassium/hydroxides to forma solubledluminate. with the evolutionof 

hydrogen. : j : 


2Al 


>2NaAl(OH),, hl 


Aa) ate) 


( 


1. Aluminium is very light metal (nearly three times less.dense'than iron) but possesses high tensile -strength.I liese 
propertics account for its extensive use in:the transport industries. jnithe constriction of aircrafts: ships:and:cars: 


2. Itis an excellent conductor of heat and: electricity. Thusmeit: is used as heat exchanger-in chemical. oil and) other 
industries. Heavy duty electrical cables are:made offaluminium metal. ; 

3, Aluminium is an. excellent reflector of radiant.cnergy. ‘For this reason it is commonly used to insulate buildings: 

_ Aluminium: foillis-also useditojamiradar. ; 

4, Itissnon-magnetic andiis.thus usedtininavigational!equipments. : 

5, Itvissa goodireducing agentiand canithus'be usedifor this, purpose in\the chemical:andisteel industry. 

6. Itvignontoxic and can\be.used for making food'andibrewing equipments and inipackaging. 
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Th 


Aluminium readily lorms-allovs wi , 3 
i ¥ forms alloys with other metals:like copper. magnesium. nickel and zi 
4 ) agnesium, and zine. 
form of cooking utensils. window times andikitehen foil 


and ee thenrof being over- 


8 Athomes. aluminituuniis foundin the 
{). 


Aluminium is used fi i 

ed formakine:netrol; i 

tking:petroban . Storage tanks because i 

AW cine J and milk storaze tanks because itrefleets:heat 


Q.19 Give the:names, 


Elements offer , a : = 
I a of group IVA consist of carbon. siliegn. eermanium, tin and lead 
lere Is wmarked changes! properties fi " ae : 
3 ceed anions ‘ ae a properties from carbon to lead. ‘Vhis gradation is of sucti nature. however. that there 
) i S between the extreme members, Vhus 7 Thor ve cay BE EIS 
ae ppt ars : s. Thus carbon : 4 re every ‘consider: . . 
example. thamdo‘lithiunandalesionn it Desinith on and le id differ very ‘considerably: for more, for 


ieiemen 


Se ed 


Carbon 


Silicon 


Electronic: Configuration; 


‘Electron affinity (kJ/mol) 
| Electronceativity : 


Some'common properties of‘carbon 

Carbon and-siligon are'the only non metahin group IVA. : ; (4 
Metallic character 
c “The eleetropositive character increases from carbon to lead which Keele eee ise 
Increases the meuillic.character ofithe elements. ‘Thus carbon and silicon are ithe 
only non-metals in:group IVA. 


Gatenation : t r i 4 
; Carbon has the peculiar. property of forming long carbon chains. silicon a AK Zl Si si 
oms long chains of alternating silicon and oxygen atoms. 07 1 407 | ol Yo71 aa) 
Nature of oxides Ret OO ee 


Silicon and Oxygen/Linkage 


a 


Carbon and silicon both form acidic oxides, whereas the. oxides of 
He " a . a - . . 
germanium, tin and!lead are amphoteric in ‘nature. 


af 


54 


Nature of boding 
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Both carbon and silicon form covalent bonds. Their oxides are acidic and'both-formihydrides and chloride. 


Q, What do you mean by inert pair effect? ‘ ; 
eS SSS SS 


Ans 


Inert Pair: The pair of outermost electrons that does not readily take part in: chemical combination is termed as 
inert pair and its effect is termed as inert pair effect. 


Explanation 


The elements of group IV ‘A are characterized by a set of four valence electrons which formstwo pairs. 

lin the first three elements of IVA group. carbon silicon and germanium, ‘all the four outermost electrons are used 
as valence electrons, while in:tin-and lead:either all four (stannic andiplumbic compounds) or only: one ofithe pairs 
ofelectrons (stannous and\plumbous compound) is used for bonding. ' 


Common properties of the elements of Group VA 


Bus 


Occurrence of Garbon . 


(i), 
(ii) 


Occurrence of Silicon 


Allithe elements of this group show a valency of four e.g.. CO2, SiO, PbCl, etc.” 
Altofthem formihydrides, MH, e.g. methane Cll. Silane Silly, Germane Gell;ete. 
They form tetrachlorides, MCh e.g. Ch. SiCl,. GeCh SnCly, PCI). 

They also form the dioxides. MO2 ¢'g., COs SOs. GeO>, SnOs, and/PhO). 


 Carbonoccursinaturally initwo states. 
Crystalline (Graphite. diamond) form 
Amorphous (Coal. Chareoal)iform = : 
Limestone (calcite) 
Dolomite 

| Magnesite 


CaCO, 
MgCO;* CaCO, 


fi etehiemical Formula | 
“NaAl(SiO,)>. HO 
Asbestos ~ CaMyp3(SiOs), 3 
Kaolin (pattery.clay) HEAL (SiO4)2, H3O j 
Zireon ZrSiO\ : 


Yale Cor-soapstone) LaMex(SiOs), 


Silicomis very abundant. about 25% ofithe mass of the earth’s crusubeing due to this clenient, 
Silicon. unlike carbon. isnot found in {ree state. 
Silicomis found:as aimajor constituent of rocks cither inthe form ofsilica or silicates. 


_ Mostiminerals other than sulphides, sulphates. phosphates: and carbonates contains a‘high proportions ofisilicon: 


As. oxide. itis found ias-quartzinithe following Jorms: p 
Rock erystal. amethyst. quartz. smoky quartz. rose quariz andimilky quartz. : 
Q. Discuss: the peculiar 


behavior of carbon with 
he: other 


Sandiisdaracly siliconidionide (siliva). 


Opialis whydrated variety ofiquartz. 
respect. to ¢ 


members of! IVA group: 


. other is called catenation or self-link. 


Bs 


1. Metallic Characters: 
Carbon and 'silicon:are non-met 
2. Catenation or self-linkage: 


Carbon has,aitendency: to fort 


als.while the other. members ofithe family are metalloids or- metals, 


m lo . . . ; ° 
a) an8 ay oe eel sou The type of linkage of identical atoms with each 
age. erty of catenation decreases on:movin rf : 
‘ } 2. down the group from’ carb 
on\to 


Tr xi = 
add, ay tendency of cat as: até W ‘a T c Ss aroon compou ds wh h 
enation a sociated ith Ci }8] 
S rbon for ns th basi of th r n ic. 
le: id The Maximum te i . e C bi 
if 


constitute organic. chemistry. 


Three oxides-of carbonsare known: 


(i) Carbon monoxide. GO (ii), Carbon dioxide. CO 
Outofithese, the last one is of little importance. ere 


Structure of Carbon Monoxide 


’ NIUC tS i C Wing tr c < . 
Carbon mono) d diate MIC mole sule h WW 
d git ip! bondbetween the two atoms It IS Very slightly polar The 
leet Ont tru Ce mor ide an.oe P t ae : 
Jlectronic structure be 1) bon 10, b represen ed as 
te 30; 


Itis'usually written-as; {© =O} 


- ' (iii)|Carbon'suboxide. Ci0; : 


x 


mofecule has.a small dipole moment((0:112D). 
(CSOy i 
Structure of Carbon Dioxide 


InlGaseous State: Carbon dioxide exists in-the gas 
Ou ; xide exists inthe. gaseous state-as:lincar: mol 0 | i eit 
pmiand |is\in'agreementwith the following:structure. eee oe oe Coneeisiancel ils 


lOmightappear fh Raho vere ; y : 
ght appear from the above structure ‘that the molecule should have a larec dipole \moment; butiin»factithe 
seine mo = ’ e 


‘ | 
Shared pairs offeleetrons 


Q10..Explain: 
(a) Non:Polar. Nature of CO;: 

EOy has.a!linear-structure. 

: Gag St Site 
- o=<C == 4 
: “ype= 0.00) 1D: , . 
In‘€O; the central carbon-atomiis'sp hybridized and there is;no lone pair.of electrons on jit. The individual:dipoles 
being same in magnitude but opposite in direction cancel the effect of cach oll ae fo as 
S uC : bs tiof cach other's, therefore dipole’ j 

COnis Zero. - ¢ dipole’ moment of 
(b) _ Acidic Gharacter/of CO;: 

GOs is ainon-metal oxide. When itis dissolved inwater, carbonic acid is formed: 

CO: +130 == HCO; ; 
Due'to/ HCO: formation, itis acidic in nature. 
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eal 


Silicon dioxide, SiO, called silica. is. probably the most common and the most important compound of silicon: by 
silica every silicon atom is attached tetrahedrally to four oxygen atoms. and each-oxygen atom have two close silicon 
neighbours, © , 
Quartz 


Quartz is the common crystalline form-of silicon dioxide. It is a hard. brite. refractor, colourless solid: which 
differs very markedly. from carbon dioxide. , : : 
Structure of Silica ; - ‘sae yr aenerae Peo 
ah: ; : 3S] Rice Boras se 

Tetrahedral Structure : a ral Set 2 

In the interior of ‘the: silica network every silicon atom is bonded p Or bh iw 
tetrahedrally to four oXveen atoms and every oxygen atom is bonded to wo 
silicon atoms. The overall: ratio of siliconito oxygen atoms is 1:2 and the simplest 
formula forsilica theretore is SiOx. The silicon oxygen: bonds are strong andikeep 
the atoms firmly injplace. 


Bg PaO ¢ 
4h ™ c 
I SoA Nor Sor 
(0) 10) o 


Structure of'siticon dioxide: ” 
Giant-molecile 
SiO; is nov the molecular formula for silica but the whole chunk. of silica must be considered tolbe essentially one 

molecule. Phe atoms of silicon and oxygen at the surface of the chtink donot have allitheir valence forces satisfied. as is 
shown iby the high surface activity ofsilica, 
Crystalline forms.of silica 

“Anveach of the various crystalline forins of silica. there is a special) pattern which isirepeated throughout the:erystal 
in: wregulardefinite-crystal lattice. The regular tetrahedral arrangementof four oxygen atoms around each silicon persists 
in-each erystailine form but the Si:O-Si bond angles and:the rotation about each Si-O bond are different in the different 
polymorphic species. ~ : d = | Sih euioas 

Silicate'ion| (SiO4*>) 

O eas Quartz « 
Siliconion %y structure 


€O:molecule has. aimonomeric linear structure while SiO» hasan infinite three dimensionalipolymeric tetrahedral! 


structure. The reasoniisithat:size oficarbon atom is smaller:than-size of'silican atom. So. insGO3 eachicarboniatom 

forms two ‘doublebonds with (wo oxygen atoms. In this way a small./svmmetrival, linear molecule of (OCOFRS 

formed: whichis volatile andircasonably. reactive: : z 
=. : ay 0) (0) 9) 

— 0 ” en ee 
Oo ee Geseese 

In case of SiQs. cach silicon atom: because of its large size is covalently a“ | So~ ] Sor | Sor 

bonded with four oxygen-atoms andicachoxygen\ atom is attached with . OS OS Va 

two silicon-atoms. In thiswway a\three:dimensionalinetwork isiformed» So: Baw ye SK f 

giant structure off SiO) isvery stable. Thus Sis exists:as solid, b (0) b (0) b oO 


. ES Ki SOR: > Structure ofisilicon(dioxide 


' 
{ 
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Vitreous Silica or Silica Glass 
Preparation. 

When crystalline Silivasis heated sufficient! 
presumably with the silicun 
silicon. atoms. Whenithis liqu 
eventually becomes. rivig w 
undercooked liquid is called 

. Properties 


eye ETE } 
Vitreous sili¢n Possesses ihe 


, 


(1600°C) iit melts to give 
aloms still on the average close 
id silica is cooled 
ithout having un 
Vitreous silica oP si} 


anviscous liquid haying 
to four-oxygen atoms and ‘the j 
does not crystallizereadily, but usually 
dergone orientation “into a reaul : 
ica glass (frequently incorrectly Te 


a random structure. 
io OXYZER ALUMS: close to :tWwo 
{undercools tremendously and 
ar crystal pattern, This rigid. hivlily 
lerred to-as fused quartz), os 
1. High Iransparency: Bisie os 

Very refractyey (he: a 
Mery low thermal e 
Excellent insulator, 
Hard brittle, andielastic, 
Jnsoluble inwater 
Its resistance 


and-uscful) properties: 


i fesistant), doesnot softenibulow 1500\t0 1600°C 
Spulsion: (Not easily fractured!by changing temperature) 


andiinert:toward Many reagents, 
towards all acids except HF. 


2 fic 
Pe - FIRED GICR 
tesanditheiriusesh 
-onfpounds ders edilrom silicie ac} Si tern sites _ 

Fi are pr ll! SHI acid (HiSiOs) are-termed asisilicdtés, ~~. 
)iSedilim’Silicate (NasSiO;) Eo pees nicer 

. This Is a sodium sult ofimeta-silicic 7 , 
sodiunt Carbonate with pure sand. The. 


acidisSiOs. Inis known. ; or soluble plass, 
1d'HSiO3. ‘Water-vlass or soluble plass. [tis 
bate h $ s c, S. ILIS| pre; 
: ' Process 1s carried outin a fumace valled reverberatory inisnace ie 
. sy _ _Na,CO,+SI0,—+ Na.sio, +.€0, Siler Eeaeiter, 
Properties "i ; 
Sodium silicate 
hydrolysis. 


pared'by fusing 


sodium silicatey 


Soe Se as 


IS soluble in water and its solution,is stronely‘alkaline due'to:the as 


Na,SiO,-+2H1,0——>2Na0H +H,SiO, 


Uses of sodium silicate ‘ 
(i) luis used as:a'fillerfor soap in soap industry. 
(ii) ILis usediin textile’as a. fire proof, ; 
(iii) Itis-used’as fimiture polish, 


(i) ihe ee eee Sodium Silicate 


GhemicaiGarden Lee ee ane = 5 


When crystals of soluble coloured saltilike nickel chlori = 
B loured:salt; el'chloride, ferrous sulphate: Tp! ae 
a : Fem connate arp egs, «CTTOUS Sulphate, coppers = Se ase 
re placed: in a solution of sodium silicate, they produce.a-very beautiful aonth like Sulphate'on cobali nitrate, et. 
Sarden. . Plant, which is called: chemical: 


(i) Al 

Weathering of Silicate Rocks : 
Aluminium silicates are formed’ by the chemical weatherin 
Clay is'formed'by disintegration ’and.weathering offrocks, 
The melting and freezing.of water in the rocks andthe chemical action of w 


c into ; id a i 
Mpounds into potassium carbonate, sand and clay, The following reaction ex 
Feldspar. ; 


sine g of the rocks: Clay is an example ofaluminium 


ater: and'carbon dioxide: ‘convert these 
plains the weathering. of potassium 


K20.A0x.6Si0;+H;CO;+H;0 —> K.COHMSIO+A1,03.(SiO>)s, 2130 
Feldspar : Clay 


Pure Clay : 
2 Pure clay which has the formula shown above, is white andiis called kaolin. 
© {tis used to make porcelain and china wares. 


: . 
e Ordinary clay contains compounds of iron-and:other metals anditthas a.yellow or reddishiyellow. colour. 


impure clays 
Impure clays can be more easily fused’ because they contain oxides of iron, calcium, magnesium and other metals 


2 


which form casily fusible silicates with sand, 
Uses: Such clays are used to make bricks, tiles and'stonewares. 


nresence of: ferric oxide, the articles ofithis clay turn reddish wheniheatedinakiln, 


Due tothe 
Glazing of stoneware 

Stoneware is usually glazed (o give a less porous surface by throwing salt upon the articles while they are hot, 
‘This treatment:produces sodium aluminate NaA1O, and sodium aluminum silicate, which mellireadily andicover the entire 
surface. When the article cools, the covering solidifies, producing a compact, smooth waterprooli surface, Chinaiwares:are 
made trom.a mixture of kaolin, bone ash, and feldspar; the mixture fuses when heated and fills the pores between the 
grains of kaolin. > ; 
Hardening of Clay 

The use of clay in making pottery and other ceram 
soaked in water. the-clay progressively hydrates, and) the| paste 
of hydration isdost, andiathard:voek like mass:is formed. = 


ic articles depends upon the plasticity of the paste, When 
Becomes:more plastic. When the clay is/heated, the water 


aa eS SmR EE 


are apne = Syma THn ara ee foreto 
italcior Soapstone (Magnesiumisilicate) 
0 The magnesium silicate Mygsl(SiO4); 1s commonly known as-tale or soapstone. 
© Itis;physically greasy to touch. ; : ; 

© Ivis\usediinimaking-cosmetics. : 

© |hisalsouscdlin:making house hold articles. 


9 Asbestosis hydrate calcium magnesium silicate C. aMlgx(SiOs). 
© {tis commonly usediinimaking incombustible fabrics and/hardboard'cte. 


‘Chemistry of Silicon and Carbon es 
The chemistry of silicon is, in many respects, very 


compounds carbon dioxide (C02), carbon..tetrachloride (CCI), 
dioxide (SiO); silicon tetrachloride: (SiCl,), and’ silane (SiH,). The silicon atom holds: four methyl groups, 


just-as:the carbon-atom,.€(CH3).- 


much ‘like the chemistry of carbon. Just as carbon forms the 


and ‘methane|(GH,), similarly silicon forms silicon 
Si(CH3)s; 


“Aniorgano'silicon\polymer in which Si— © SSiichain is presentihaving sine 
alkyl or-aryligroups attachéd to the Si atonrare calledisilicones.” =<, oe 


Preparation 
Ifa compound of'silicon containing.chl 
water, hydrogen: 


orine atoms and methiyl\groups. SiCl;(CH3):, is allowed'to react with: 
chloride (HC1):comes outand:the silicon atoms: join:together through oxygen atoms. 


CH, CH 


| 
cl rime + 2H,0 —>.HO-~ 5 OH+2HC! 


| ‘CH, Ch, 
| CH eH CH, 
H— 0~ SiH AO -OB TH fy—0—H—> 
CH, CH, te 
OR . 
[ GH,» ‘GH (CH. (Gh 
! 
| Mis aes oes eae oa ae + +nH,O 
; 1 ob, GH, CH, ol aa 


1y this FENTON AVE ¢ SV! fad IK A diff 

. " le ai ir Oke s Mthetioally th & sili a4 i ‘ i ' 

ig iNiat th we h = «fie wd of i itil © SUICON OX gen chains found in the mineral silicates di ference 
I3 SrOHPS dstead of OAV EC atoms joined ita silicon us side chains. Such a conan iscalled 

s ere We have ~ C Mh S28 ) i da 


silicone: this. particular one is ili Jthera 
spe i sainethy! silicone. Other alkyl 
oleculdmelia; DUE : WYligroups may alsaibe substituted {6 
molecu bainjetg nuile ofterigasttecns yligroups may also'be substituicd for the methyl groups:andithe 


Properties 
(i)) Low niolecular inass silicones Ashes ; 
‘ ‘ SSS Nes are oily Te q Hehi pith eet 0 
solids ¢ olly liquids. While high molecular mass silicones are Waxy ‘solids or- rubber like 


(ii) Chemivalireagentihas no effect on them, 

(iii) ‘They are stable towards heat, 

(iv) “Whey are non-toxic. 

(v) Small change inviscosity with the. chanue iit temperature 
(Vi) They are excellentinsulators, 7 ese 
(vii) They ave water-repellent. 


1. As lubricants 

ae pone quite methyl silicones are vily liquids andithey become more viscous-as the chainilength increases. ‘Th 

ae sed}as lubricants. cither incorporated in greases or as oils, in bearinus, gears etc. They are also used it es. They. 

aioe other hydraulic systems. Theioutstanding physical attribute of silicone oil is its very smallichan sin narod ie 

nee in temperature, compared with the behaviour of other ails:ofisimilar-viscosity. i . tscnshy 

reas Ane Mestemperaure is dropped from 108°E to 0°C the viscosity. of pettoleum oil may increas 2 about aneihaaeats 
res. whereas that of silicone oil will/increase less than-four-lolds. In the presence oft air or oxygen atte eens ti 

as 300°C. silicone oils remain free from acid! formation, oxidation and ‘similar phenomena which fi ES eee 

usefulness of petroletim products.and other synthetic organic liquids, es frequently, Hinvitattic 


2. AS rubber 
; Methy! silicones ofjhigh molecular. mass resemble rubber and areiused in making rubber like:tubing andisheets 
3: As insulators: _ ae ; = : 
cen eae molecu les-can beimalle in such a N2y wel bridges ot eross linkages: bind one!tong molecule to another. at 
is along'the:chain, These compounds have resinous properties and.are extensively used in electrical insulation: 


4. As water repellents , : 

Ge es interesting and|important application CU SHNSS Guth use in:theitreaiment ofivarious.surfaces to make 

the ater repellent. A silicone film coversithe surfaces and ‘repels water like a grease film. Much ofithe leak oftclectricity 
ough moisture film onceramic electrical insulators can/be' prevented ‘by a!silicone film; cloth, plastics; asbestos, glass, 

erand blotting paper become strongly water: repellent when covered with silicone’ film, 


tather, and,paper. even filter: pap 


Q.g Why are liquids silicones preferred over ordinary organic lubricants. 
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ee 
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Small change in viscosity with temperature 


If the temperature is dropped from 100"C t-O°C the viscosity of petroleum ail may increase about one © 
chundred folds. whereas that of silicone of) will increase less dian four folds. ; 


Resistant towards oxidation 

In the presence of air or oxygen at temperature as high as 300°C. siliconé ofls remaiiy free from. avid 
formation, oxidation and similar phenamena, which frequently limit, the usefulness of petroleun products and 
other synthetic organic liquids. 


Se 
iconducto 


TS) 


snd: 


Q. What-is’a'semi-conductor? 


A substance that has different resistances tothe passage of an electric current under different cireumstances is 


_ called a. semi-conductor, 


Q. Why.a'semi-conductor is called:so? © 


A semi-conductor conducts electrivity better than an insulator butnot as welllas good:conductors like metals, Sv 
they are also called half-conductors. 


Q. Whatis:the effect of heat. andilight onthe. conductivity of asemi-conductor? 


Conductivity of a semicconductor: The electrons of semi-conductors do not carry: electric current-as readily as. 
the elgelrons of metals: which are good vanductors. However, when the atoms of semizconductor absorb heat 

or liglit, the clectrons become lesstightly bound:to their atoms.and conductivity increases. : 
Effect:of Temperature re 

Contrary-to the metals, the electrical conductivity ofa semi-conductor increases: by’ increasing the temperaitire,, 
Effectoflight a Pie . 
Semi-conductors are sensitive tolight. The greater theintensity of fight-that shines onithem; the-better they 
conduct electricity. Dueto this: semi-conductors are used in photo-electric cells and ‘in solar-baticries.” 


_ Q inlist-the elements or compounds commonly used a5 semi-conductors. 


Fe aConsounds! = 
Ge(Germanium).| Silicon carbide 
[Lxpbeaditelturide | 


Ans} 


Q. Semi-conductors are used as transistors. _ ; 2 a a) 


_ boundary. It'allows electricity to pass more; properly andlis uscd ‘in transistors: 


~ Nnother: special ‘property. of semiconductors is the way they behave’ when: they aro joined’ to-another material 
‘which may be a:metal’or. adifferent'semiconduetor, The juinction'between the-different materials) forms: 
Transistors. are; -much smalle? 
and less complicated than old “fashioned, electronic tubes. They are uscd in radio, television, computers an 
calculators. j aw: : j 


Scholar’s CHEMISTRY — Xi (Subjective) 


Suntieht 


ak 


Paype 
sMiton 


Melty pas 
silicon 


Cig. 32 Vpbatovaloiie.(solari cell asin 
silicom-basent semicundiuctors 


Various: oxides of lead, basic lead carbonate dnd le: 


uboxide((Pbz0) 


ad-chromate are commonly:used as pigments:inipaints, 


Tt iSa\black- powder, obtained on heating:plumbous:oxulate.in the absence offair 
-2PbC,0, > Pb104.3C0, +CO 


~ PbO is decomposed by heat into Pb and’ PbO: Other than pigment, it is dlso used in the manufacture of tead 
storage'batterics, eae . 


Yassicot)): PbO 


“rhombic (yellow) and’a tetravonil (red). Weis slightly soluble ini water. 
Uses ofileadimonoxide: - 
fi) IWis.ustally used'in preparing flint glass and paints. : 
(ii) If litharge is boiled with water androlive oil, lead oleate which isaisticky adhesive mass. is formed and) glycerin 
passes:into solution. : ; 
luis:usediin:preparing oils: andavamishes, 2 
jumbiesTetraioxide:(Red leadiornminium ((Sindhur)/PbsOs. 
Preparation: — ee F 5 53 Spon : : i 
When tead isiheated in‘airatvabout 340°C, itabsorbs oxyzen and forms a\bright‘scarlet: crystalline powder: oft red 
lead or minium: " 


Litharge. varies in-colour from-palé yellow to:reddish yellow. possibly owing ;to-1he existence of two. forms, a 


” (iii) a 


3Pb + 20,-—» Pb,0, 


Triplambic tetranside 


It decomposes at 470°C : 
2Pb,0, —“=-»6Pb0 +0, 

Uses: . . : : 

Red lead is used for-aivariely of purpascs as: : 

i) Ivis used for manufacture of lead storage’ batteries, 

(i) ont isused as pigment inipaintsapplied to steel:and iron'to retard ‘corrosion. 

(ii) Juis animponantingredient!forthe manufacture of flint glass. matches:and ‘ceramic glazes. 
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ai (v) The chemical formula o: z 
When red lead is treated with concentrated nitric acid, it is decomposed into:lead nitrate and lead dioxide: > Wi) isthe only vit eats _ four-clectrons'in'the out tshell th L 
i er most:shell that: is hot meta 


; Pb,O, + 4HNO, ——> 2Pb(NO, ), + PbO, +2H,O (ii) Inthe Group'tilA oftttie periodic table, is. a'semi-metal. 
Lead dioxide isa reddish brown powder. : oD Goat See as a natural deposit, is called 
It is not very soluble in water, but it does dissolve in-alkaline water to yield soluble plumbates. (x) A is ‘a ee ain ; a ee a o lectric ci 
Iris not affected | by dilute acids. ‘ , : different slicamisenees as different resistances to the passage of an: glean current’ under. 


” Basic lead carbonate IPC ‘© .Pb(OH)) is an:amorphous white pigment. It mixes readily with linseed oil andihasiq Answer Key. - 
good covering power. If improperly prepared, it becomes crystalline and its covering power js reduced. : i), ti) [Atumino silicate ® 
White lead-is not suitable for use.as.aigood: pigment since itis darkened by the hydrogen sulphide which is : 7(S05) 
frequently presen inithe the atmos here. ; : 
uy tbe as 3 @_|28bCo, POOR, (wi) 
lea iromate((PHCrOs) of Born aif Dl incall 
iti is See as a pigment under the name of-chrome yellow. Orange or red basic. lead chromates-are formed when , 1 inca 


lead chromate is boiled with dilute alkali hydroxide and are used as pigments. The stable yellow modification Of lead’ | - ; ‘ _ 0X), NasAle x) (Semi ‘conductor. | 


chromate is monoclinic, Mixture Gf leadichromate with Icad sulphate or biritim:sulphate are also used'as yellow pigments, Q2. Indicate True Or False, 
: a) Boron always uses all the'three ofiits\valence electrons foribonding. purposes. 


BIOR Ea FSIOR : aan ’ 4 s (ii), Diaspore is an.ore of carbon. 


: : a Gi) Emerald is an ore:of'aluminum: that: has.the chemical formula/Al 205. 2SiO,.. 2H;0: - 
KEY POINTS hn SEED e thy) (iv)  An‘aqueous solution of borax:is feebly acidic in. nature 
; : ' Z / &y) In case ofiborax:bead ‘test, of Cupric oxide, the beads are coloured: Binet in the reducing, flame. 


: ie a 2 (vi) “Boric’acid can be titrated with sodium hydroxide. ae a 
Boron occurs:in'trdces and'!has'been found'to'be important for the growth of many plants. : ‘ a. (vii) “Carbon and'silicon‘are the only-non-metals in Group IVA, 
Borax (Na2B,07,10H30}, Colemanite (Ca;BeO)). 310), Orthoboric acid (H;BQ3) are the common minerals of: : (viii) PBO is commonly known as'litharge. 
boron. (ix) Basic'lead carbonate is a‘reddish brown pigment. 
Aluminium, after oxygen and silicon, is the third most-abundant clement in the ecarth’s crust reluspar (0, ~ 6) Aluminium oxide (ALOs) i is also called bauxite. 
‘Ab@3.6Si02), Corundum (AlLO3), Bauxite (AlO3.2H:O) and Cryolite (Nas AIF.) aré-the common! minerals/of. " Answer Key. : 
aluminium. : 0 CO ST SOC 
The pair of outermost.¢lectrons that does not'readily take partiin chemical combination i is termediasinert;pair.. 7 : . rine Liye Lote TT Fae TT re 


When heated, borax fuses, loses water. of crystallization .and swells up into a white porous mass. It is employediin: : 

borax bead 'test.for identification of coloured salts. : ; . *Multiple Choice Questions. Encircle the correct answer. 

When a hot concentrated solution of borax is treated with a calculated quantity of conc. H2S0;, On. cooling; 3 (i) Whichimetal'is used in'the thermiti process because of its netivity: i 
crystals-ofiboric acid are produced. (a)ilron. - > (b);Copper: (c) Aluminum . @)Zine. 


When aluminium is burnt'in oxygen a’brilliant Jight is produced, ‘ | es GyRaee Sel (b) Basic oxide (c)‘Amphoteric:oxide ”d) None of these 
The electronic configuration:of group IV-A: elements shows that they have four electrons in their valence shells, 4 (ii) een corapesitions ESSAI aLE 
two electrons of: which are in's-orbital.and ‘the remaining two.are injp-orbitals. - k (a) as 6, : SHO 7 (b) CB; O,. 4H;0 (c)NajB{0;.4H;0 ee Cy O58 
Limestone, dolomite and: magnesite are:the commion minerals oficarbon. ae. ee (i) Whic A lenient (ors anton with charge +3: stmt d) CaNaB; iF 
Feldspar, potash. mica:and zircon|are the famous minerals of silicon. oh Ss ee ; : (@) Beryliium : (b) isin (c)\Catbon Ww sie 
sae . io -* ea: . N = 2 * Vi 
SHEERS Eee iDBIE Eves silico jomis pagal ditetriedrali/ Mo four,oxygen.alonis ator (3) Which electronic:forms confi; iguration| corresponds to‘an element of: Group = A: of ‘the; eiperiodie 
oxygen atomiis!bondeéd to'two:siliconiatoms 2 table 
Sodium silicate, aluminium silicate. talc and asbestos are commercially important: compounds of: silicon and Br! “aie 2588 3p 2 : (by is? 28?.2p'3e23p'.<2 , : 
_ oxygenicalledisilicates. j 1 es oe oy : (d) 1s? ,25?.2p9e 3p! 
Methyl'silicones.canbe used'as lubricants and! for'water proofing, _ 7 : : iy ON h oat among the following belongs to Groups IVA of the periodic table: 
. Semiconductors conductielectricity better: than insulators. They are also light sensitive. : ' : (a) Bone ; ""(b)ilodine (c) Lead (d) Oxygen’ 


: SOLVED OBJECTIVE EXERCISE - (ii) Borie acid cansot be sed ete 
- Ril sattheiblanks Sees = Pee ie (a) as antisépticiin medicine : Cee oe ines 
(i) ; acid'has chemical formula‘HBO;:, ° : aa (e)insodabottles isnot SAMMI REE 
(i) Aluminiumnonnally-occurs as” minerals found in:the-rock oftouter portion ofithe earth -.- (viii) ‘Which of the: following element us (©) Sodi Me - (Oxygen 
(iti)  Aluminiumigives gasiwithihot'concentrated|H;SOy. ; (a) Silicon * (b) Aluminum : ‘om OBE 
Boraniforms __* ~_ bondliniitsicompounds. ; . = beebe = = sGeoe : ae 


y TS 
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(ix) Tinealisaamincralof . 21. | How weathering ofipotassium 


feldspar takes place? 
(a AL (b)B (c) Si (d)¢ 22. Noe prea! isis of the following aids; ee with the help of a chemical equation. 
: ief' re of : ened ce c ; CG aci = 
(x) The chief ore of alaminium is: (iv) Pyrobéric-acid (il) Metaboric acid (iii) Tétrabotie acid 


(3) Na AIR, (b) AlLO;.2H,0 (c) Al,Q; (4) AlOs.H,0 _ | 23, Whatis: meant! ‘by chemical 
; 24: What is the importance of'o 

25, How aluminium reacts with 

# Ae Ee weer = TTS = rei rran ca nie eiReason aes See ONT ng ade eee 
nk ane a ae = ei ee ane zs oe = ‘ Se as ce cae as Ta} 26. Why is aluminium notifound as a'free:clament? 


‘ 
Ea} 27. | Whatis the actio ionlos. ; 
4 Aluminium has the tendency to react vith ht both O2 and N3 so. itreacts with a air, | 28. Describe ring test, 2 an aqueous solution of Borax onilitmus? 


17 We Teaction is exothermic so mses in iticrmite process, 29 


garden?! How caniitibe: iprepared. 
xides ofilead injpaints? 


Borax serves as.water softening agent! Justify 


{ Aluminium ‘loses 3 of its. valence eiccinans)ia fom Al ion, For Answers study 


=> MCQ’s =. Entry Test MEQ's S ) 
=> Additional/Short Questions with Answers 
Previous Board papers and'Many)More in:the Objective Chemistry 


MGCQ's From Past Board'Papers 


(viii)i] (e) Sot 
his) fn) AbOSMLO 7 if feusite (ARO SEKO)A is die chict ore of aluminiom 


a ee (Re AR ON 


as eee aL 


vious Bo sarc Questlons: ot 


ATP 


4. Whatis Litharge? Give its.chemistry. 

2. Aqueous soltitioniof-borax-is: alkaline, why? Alternative To Practical 

3. What.are:-Semi:Condistors? Giveiits/two uses, F ON 

4. What's the effect of temperature upon the viscosity of Silicones? PHYSICS, CHEMMISTRY, BIOLOGY 

5. Write down four uses of Aluminium. ; 

6. Whatiis Borax bead test?~ A, With 

7. CO, ininon- -potar i inmature. Give reason. Short Questions ; ; 
8. ‘Explain-why.’"C@z.is -acidiciin nature.’ P a 

9. Whyis: CQz aigas at room: temperature while: SiQVis solid Available in Market: j a , “i 
10. Write names ofithese acids of Boron: ; : : 

(i) HBO, (i) NBO, i) H,B,0, (iv) 1, ByO, | ; SCHOLAR PUBLICATIONS: 

Af. How, boric: acid ((11:30,), reacts, with, ethyl alcohol and sodium car bonate? : Qazafi Market, Urdu bazaar, LAHORE 

42. Why are liquid silicones preferred over ordinary organic lubricants? ” et hes - 042-37231595 

13. What happensiwhen white ‘lead iis Heated/in air at about 340°C? : : 

14, How entrapped bubbles:of' gase5%g are removed from steel? 

1 How-will-youiprepare: borax'from:: ” 

: es Goleman Oleic a acid 
16. Vrite down uses of be:.c acid. 


47. Wich basic.radicals.give:the’ responsé to borax: bead itest? 
13. Whats the effect ofitemperature on:semiconductors? 
43; riow borax reacts: with HGland lH, S8O;: fen 


Gweine reactions of aluminium nwt 11.80, and) NaOH 


GROUP VA AND GROUP 


troduction = x 


a 
» 


The elements ofigroup VA of the periodic table comprise: ‘nitrogen, phospliorus, arsenic, antimony and'bismuth. 
Electronic! ‘Confi Puegtions abi Physical! Properties Oh Group vA Elements’ - 


(esac amc 
| =e 


817 


GenieraliCharacteris 
(i) Metallic Character: _. . 

_°® Nitrogen and phosphorus of group VA Airy the typical’ properties of non-metals.- For’ example, ‘they are poor 

conductors: ofiheat'and electricity, and give acidic.oxides. ‘Their. compounds are: predominantly, covalent: Deets 


i 


‘¢ Arsenic and/antimony/are metalloids. 

° However bismuth at the! bottom of the group shows definite sametallie properties. 
_The:metallic character:increases going down-the group. » 
(ii) Bond! Nature 


Nitrogen:has the greatest:t 
the group also shifts from: covalent'bonding to’ ionic bonding. 


(iii) Allotropes 


Phosphorus, arsenic 
important. © 


endency to attract the electrons; antimony:and| bismuth have the least. The trendidown 


and antimony baye allotropes. Allotropes of ‘phosphorus iie. red and white aré more 
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{iv) Common oxidation states 5a 


Phosphorus and other members of the group can make use of d orbitals in their bonding. This ts because the P 


enerey of these orbitals isnot much greater than those of the other valence shell orbitals. For example, phosphorus:can 
make use of its 3s. 3p andthe saypty 3¢ orbitals during bonding with other elements. 

In phosphorus one of the 3s-ciectrons can be promoted to a vacunt 3d orbital giving 5 unpaired clectrons inthe 
valence shell, Phosphorus can thus amuke three or.five covalent borids, Indeed three and five are the common valencies.of 
the group VA elements. 


Q. Why NCI, does notexist'but Pcl, | 
does'exist? 


ue seleo eee Othenklementsiofv:A\Groupis = =. 
(i) Otherelements:o! VA eroup are solids 
Gi), Other clements.of V¥\ group are tetra-atomic eg, Py, Asa. Shy 

(iit) Other clements show limited number of oxidation ‘states whieli} 
I is $5. & 43. 4 vo oe 4 
} (iv) The other elements of group VA occur in combined’ states! 


5 


Reo ZN 
{bisa eds 


0) r- 
Gi) Wis.diatomic molecule ce. Neo 

(iti) [1 shows a large atimber of oxidation states 

f (fom +3 to 3, 

(iv) toecurs in free state-us wellias, in:cambined 

Slates. eo te : : 

Tis) ft does not form complexes die to non-" 


onty. : wd} 
(v) Oilier elements which have empty “d™ orbials can: acceptl}: 
clectrom pairs. ta form. camplenes. ili 
(vi)_As and Sb.are metalloids and! Bi is-aunetal. 


—~otg-— 


~availabilit, of "a" orbitals. 
(vi). His.advpical non-metal, 


-N—O} 


(N=N=O—-h 


Occurrence. 


Dinitrogen Onda, N.O 
“2 Nitrogen is present in tree State in air as aimajor constituent 78% (nirous onde) 
by volume. Iv is an inactive gas io. comparison with oxygen whieh (= 
isthe nextunajor constituent ofair, oe ‘ N= 6: 
e Inorganic compounds of nitrogen are not conimoniy found! as Nitrogen Oxide, NO 
minerals, ae : {nitric oxide) Dinilragen tioxide.N,O; 
= “In combined state nitrogen: is: found cin ‘all: Jiving matter {nite anhyonde) 
including. animals and phuits in the form of proteins. urea and | if OF OQ cou 
unyinaaeids, , Bas, See a : 2 
roi c 


Dinitragan Pentsxide, NjO. }! 
{aitne anhydride): > 


Nitrogen alogide, NO 
(mtrogen peroxide) 


| 


Oxides of Nitrogen 


Preparation : 4 
1. -Dinitrogen ovide can be preparediby the actionatidi), HIN@Sommediitie zine, ‘ 
5 : 7, , LO.) — 2>4Zn(Xo- NO, 4 SEALE 
HZ)  TOUNOs i) All 80) a) NO), Hh O., 
2. Seisusually prepared iby heating ammontum: nitrate (o about 2H0ee is 
NIV, NOy,) NO.) # HSO,,, 


Voavoidithe danger oP explosion, ammonium nitrate canbe replived iby aimixttire of sudiuminitrateand 
damon sulphate. : : 
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' Properties : 
lire Dinitrogen oxide iacsinvies : Pure'N.0 Is fatal and : 
© Itisfairly solublein cold ee = Sas.with:a'faint, pleasant smell/and a sWeetish taste, dangerous, N20 with 10% .0, 
o lLLaughing gas: A mixture of NO ith alk acts.as mild anaesthetic‘agent, 
laughter, hence itis also kr, 20 with a little oxygen, if inhaled for'a sufficientl i 
> ownas'“ ; Pees : ly long time, ; 
Reactions nas “Jaughing.gas”. Itis uscd:in dental surgery. 8 produces hysterical 
1. Itis-:noticombustible but re. ; : 
: ‘resembles Oxygen et ats 7 . 
b genin'rekindling:a:glo imi : E 
urning:substances, such as sulphur, phosphorus, ete»are taken fn the Cline onaneene Gee Seaaeee 
Sp + t an = 
(s) 2N20(,) *SOr/) + AN) 
- Py) +10N20/,, —>P;0 ee 
2. Whien N30 is p (9 (s) 4 10(s) + 1ON3(5) i 


assed Overt ed'hot Copper, itis reduced to nitrogen, 
: Cus) GP N20) ——> CuO.) +'N2(9) 
Nitricioxide) 


Preparation | 


1. Nitrogen oxiile canbe prepared by thé/actian of dil: HNO; on copper. 


3G.) + D5), Or) +4) 
¢. 7 Us) + 8HNO} 4, —>3Cu(NO, (aa) +2NO() +4101) 
can also\be prepared by Passing air.through an ‘clectric are. ; 
Noe) + O26) 2NOj,) _ 


oy 


Properties 
Nitrogen oxide:is a colourless: 
Reactions 


1. ; With oxygen; itiforms reddish brown‘nitrogen‘dioxide; 


Bas heavicr-than air. and Sparingly soluble in water, 


24 ae 2NO(@) ¥ Ox(¢)-—>2NO Hy 
: tidecomposes into:N; and, at‘about 1000°C and ‘Supports'combustion: 

; = am PN) > Naga) * Ox) 
» It-forms nitrosy|'chloride’and nitrosyl| bromide with chlorin 


charcoal ie and ‘bromine; respectively in\the, presence of 


2NO(g) +Claigy —> 2NOCl,) 


for.the confirmation 


Q.10 (i) Describe “Ring test” 


of the!presence ofinitrate ions in'solution. 


Ring Test 


This isa confirmatory. test for nitrate NO}! ion. The respected nitrate is dissolved in water and some fresh 
FeSO, solution is.added to it Concentrated sulphuric acid is'stowly.run:down the side ofthe testitub ean 
Brown:ring.is formed atthe junction‘of two solutions:which confirms the presence ofinitrate wie 


; FeSO, a9) +NO(,)-—> FeSO }.NO/,.) : 


fons. 


Noj!+ SFe!? 44H"! — S.No + ape" 4 2H;0 
Fet? + NO + 5H}O0——>[Fe(H,0),NO] 


‘Brown ring 
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With reducing agents, it is reduced to nitrous oxide or nitrogen. Q. How does nitrogen oxide 


H3Sig) + 2NO(Q) +H 0 (2) + Naja) + Sis) 


oxidizing agent? : ' 
HySO 40g) + 2NO(g) ——> H2SO4aq) + Nagy ; 


riding aeentsies can n oxide NO to gi or HNO; 


HO (9) + +3NOz,) 


E00 + 123804) + LON 689044 ) ar SMSO (44) + OHNO 44) + AHO 


i} 
! 
‘Describe | 
preparation of NO; ‘gas. 


Qs 


Preparation 
atte can'be prepared.i in small quantities: by’ Geatine lead nitrate, 


2Pb(NO5)¢) =P 2PLO(g) +4NO 4g) + Oy(0y° 


Also give its reactions. 


'2.. ‘It¢an‘also be:prepared by reacting cone. HNO; withcopper. - ae 
Cu.) +4HNOS (sons) uN Doan * 720% +2NO},) Rea 


Properties of Nitrogen Dioxide 

o Nitrogen dioxide is a:reddish brown gas: witha: pungent smell. 
° Itdissolves readily i in\water to form) a\blue acidic solution; 
Reactions : 


1. Heating: effect e - 
On ‘cooling, NO} is converted: into a: yellow liquid: \whichican! ibe: foran toa colourless solid'dinitrogen\tetraoxide . . 


(N3O)). Iftthis solidiis heated'to 140°C, the mixture contains NO) and'N3O,, but above 140°C NO is converted: ‘to 
N@ and'©z. molecules whiich are colourless, This: decomposition is con at 620°C, 


140°C __, 620°C _, : 


Pale Yellow Reddish, brown _ €olourless 


2, Decomposition Se Wp 
Elements-like phosphorus; potassium andicarbon continue burning in'NQ;-as \it:yields 0; on sasecomnpoNMon: 


NS) ——>. 2NO(2) + Ore) 


33 Dissolutionii In.water. _ 
Inthe ‘absence ofvair, it dissolves in. water. to forminitric and, nitrous acids: _ 
; 2NOr¢0) + HO) HNO 5,44) + HNO 7.4) 
However i in the) presence of-air or. oxygen, nitric acid{is'the'finaliproduct. 
ANO7i.). are 2020.4 +958) AEN af 
A Reaction withialkalies: 
~ Amixture:ofinitrate and nitrite is formed:when'NQ) is passed’ through strong’alkalies: 
2NaOH Gy) + 2NO3) = NaNO 3) + NaNO2(aq) + 104 


2KOH (a4) +2NOj5) a BNO aaa) oh NO} (aq) + HO) 


'Q10 (ji): NO;is:a strong: ‘oxidizing agent..Prove ‘the'truth of this statement.giving.examples. 


NO, — As an oxidizing-agent: : 
Itis.a\strong oxidizing agent.and oxidizes)H3S to sulphus; ferrous sulphates to) ferric sulphates sand) Kilito iS. 


(NO) act as reducing and - i - 


i en nay ee 7 Nr eee aes 


; Reactions. 


fr 


HS) +NO. 


1e) HQ +5 + NO 2 cx, sage 


2FesO “tH SO, 
Mea) OK) * NO Fe BO) a) Hy + NO, ) 


2KY(aq) +2 N22) ZENO 


‘Preparation 


ako lt = oy. 
t can/be prepared by dissolving dinitrogen trioxide iftsvater, at-0°C 


N03) 4 Ha G eareity HINO 3/59) 


> Ba(NO, Vy De #804 8:80 ye Gr HNO 
Properties Kites: 
Iti ae: | 
‘is only: knowniin v the form ofiits:salts'and iis. stable to some extentiin‘a diltite solution 


, 


‘Decomposition 
Mt begins to decompose almost-as soon as.it'is formed even at ordinary, tériperature 


__FHINO (aq) PHO j(aq) + 2NO fay + Hy 


= ; i %) 
. NO;: is: oxidizing ‘agent. as. well as reducing ‘agent. Explain’ ‘by giving examples. 


(i)/ HNO} =/As.an oxidizing-agent’ 
Itacts‘as'ah oxidizing agentand oxidizes HI; SQ; and'SnCl, into IhyH; 580, and'SnCl,,:respectivel 
; 42Tespectively, 


2HNO 724) + 2H 29) 72820, + 2NO(,) + be) — 


2HNO, ——>H3042NO +{0] 
$03) + H20(n) +[0],, — PHS. 
Sn€l5 (534) +2HCli,4) + 2HNO> (24): > Sil y(a4) cr 2NO, 3) +2H20(,) 
(ii) HNO, = As a reducing agent 


Nitrous acid‘decolorizes acidified KMnO, ai i : ; 
; Oy and bromine water. Itireadily: idiy Seen ae ” 
behaves as aireducing agent. NY Bets oxidized to nitric acid;:so it also 


2KMnO4/,,) +3HSO jj) + SHNO 7/24) #280 (4) +2MNSO ji.) +310, +SHNO; 


3{aq) >: 


HNO 3,09) + Bry(a9) + H5O(¢) Fas HNO 39) + 2HBiaq) 
5 : 


Reaction with alkalies pa 
Asan acid it reacts with alkalies producing:salts. : 


: NaOH aq) + HNO 404) > NaNO 5/59) + H30 (2) 


i ith ic: itaining: NH; group. 
Reaction with organic. compounds containing NH 
Ivalso.reacts:with organic compounds containing: NH2 group andiproduces nitrogen. 


20 (i + »2N,/..) + CO4,,) +3H20(, MEQ's 
2HNO (a9) +CO(NH2) (54) ae) 28) 1) itis gas evolved when 
Urea nitrous acid‘ reactsiwith 
et ; Le No +H5O organic compounds 
HNO (a4) + Cals NH 34 > CoH5OH a) + 2(g) Fhe) contalningiNHigroupt 
: Aminobenzene Phenol (a))N2. -(b),H3.. 
—— = (c)|NH3 


GACIDIAHNO: (d) Noyl » 
TP (d) Noy! 
NITRIC/ACID(HNO : 
Laboratory Preparation 
In\the laboratory. nitric aci 


: 


dis prepared by heating’ potassium:nitrate crystals with concentrated-sulphuric acid: : 
KINO} ,) + H38O4(eqne) —— RHSO sag) F HNO 3 a9) 


Commercial preparationiof Nitric Acid : —— 


a oainacid? a 
Qis (a) Explain the Birkeland and Eyde's,process for.the manufacture of,nitric aci¢ 


np ten Ba le le? 
Anss= iBirkelandiandiEy,de: 
This process consists ofithe following steps: 


{i) Formation ofinitric oxide Oe a (B0002C): - We 
Aunospheric nitrogen and:oxygen are combinedito.give nitric oxide in.an electric arc (000°C): om 


300°C any, * 
Nau) + x2) eNO) 


‘ 


NO iformed iis cooled quickly to 1000°C at whichiitidoes not:decompose. 


— Water, 


-_ sae ai Absor ation 
ronaee ienaniBep aie 
: Manufacture of: Nitric. acid !from:air-. 
(ii) Oxidation ofinitric oxide = foi 
At 600°C. NO'combines with Os\to form NOs : 


2NO fy) #034) —2NO Hi.) 
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(iii) Dissolution'in.water 5 
Nitrogen dioxide is: absorbed ‘in water.to give. dilute HNO, along. with nitrous acid. 


2NO a4) +150 c4y 


*HNO 4,4) +HNO3(.9) 


{iv)) Oxidation of:nitrous acid ; 

Nitrous acidiis oxidized to nitric acid and nitric oxide. which is re-oxidized:o NO». 
SHINO. (4) —*HNOy, 4) +2NO(,) +H30(g 

Properties of Nitric Acid z 


© Concentrated nitric acidis’a colourless. vol 
@ -‘lwhas a pungent smell: 
e Its specific. gravity at 15°C is. 1,53. 


atile liquid which fumes strongly in air, 


Q5. (c) What‘is meant by fuming nitric. acid? 


Fuming) Nitric acid: 


A mixture of one. HNO andiN 
pale yellow fumingiliquid, 


Ovis called ifuming nitric acid. Itis more reactive:than conc. HNO. 'It\is:aired or 
Reactions ; 
1. Decomposition d 
Nitric acids decomposed in the presence olilight'even ‘at ordinary tenipérature: 
dl INO 3) ——?2H0(4) + INO xy) +O.) 
2, HNO;-As anacid 


Wis. avery strong acid, Iexhibits alfithe usual peieral properties ofiacids injall'reactions where its'oxidizing 
properties are novshown. Ivreacts in normal way with basic oxides, hydroxides and ‘carbonates:forming respective salts.. 


2HNOY,4) +-€a0/,,) ==) H30(4) *€a(NO5),104) 
HNOw,.4) + NaOH (ay 3H, + NaNOx.4) 


> 2NANO (44) HH3O(y) + C039) 


PHO oq) —*H30(6) + 2NO a) [Oly 
(i) With\Non-metals j 
‘ Itosidizes:non-metals to their, corresponding oxides. } 
Ca) HATING ay) S Oats) FANO3 (0) + 21202). 
Si) +61 INO3(4) eG) + 6NO3/.) + H>SO j(4) 
SHNO aq) # Fy — HPO (ug) FH2O( FSNO ze)” 
Q.10{iii)' Write. down the chemical iequations:andinames of the: products 'formed/as.ai result: of the reaction (of/HNO; 
with arsenic and antimony. 
(ii) With Metalloids fe 
Arsenic and) antimony. are metalloids they can | be’ oxidized ‘to their, corresponding acids when: react.with:Conc. 
Nitric‘acid: 


Asie) + SHNO3aq) ——— > H3ASOjjaq) + SNO2 yy HHO) = 
Arsenic (Arsenic‘Acid)} 


Chapter 4:(Group VA and VIA Elements) 


Sd) + SHNO tq) -_——_> H3SbOxeq) + SNOi) + H,0¢9 
(Stibnic Acid) ; 


—-c-afoo— 
With Metals 


Nitric acid\behaves differently with different-metals. 
(a) Gold, platinum; iridium and titanium do‘not-react - 
(b) Tron; cobalt, nickel, chromium, dluminium are renderedpassive'by acid duce tothe formation ofia'film ofitheir, oxides 
over. them:, : 
(c)) Tungsten (W):andiuranium (U) are changed\into their. oxides. 
- (da) Magnesium, calcium and'manganese give hydrogenwith dilute nitric.acid. 


Antimony 


* (iii) 


evolve hydrogen upon 

ceaction with nitric-acid? 

Ilustrate along. with 
| chemical equations. 


Mg(,) +2HNO4(4)) —> Mg(NO3)j(a) +Hye) 


Mia) + 2HNO§( 4) ——> Mn (NOs gq) + Hae) 


ss}; (ce) Copper.and/lead give nitric oxide with dilute:acid-andinitrogen dioxide, with concentrated ‘acid: 


3Cuj,) + 8HNO 4 gi) ——>3Cu(NO),.,4) + 2NO(p) + 4H20 (2) 
= : 5 Cur.) + 4HINO5 (conc) —— Cu (NO5)>¢04) + 2NO7(¢) + 2H30¢ 
(f) Mercury. givesimercurous;nitrate\and nitric oxide with dilute nitric:acid. 
SHE.) + BHNO 44) —=3HB2(NO3) 34.4) + 2NO(e) + 4H20(0) 
Withiconcentrated‘acid, it: gives'mercutic-nitrate and!'NQ2. 


; HB) + 4HNO4(o5n6) —P HB (NO3) (54) + 2NOA(@) +2120 


2(0q) 

(g) Silver-reacts «with nitric acid(toigive silver nitrate\and nitric oxide. 
: ; SAK (s) + 4HNO3(4q) > 3ABNO (09) +NO(p) + 2120) 

(hb) Diluteinitric acidigives ammoniuminitrate, when it'reacts with'tin. With concentrated acid’ meta-stannic 

acid\isiproduced: : 

ASiy,) F1OHNO5 (434) —>4Sn (NO}), +NHYNO3(,4) +3H2O(4) 


: Sn) + 4HNO4(coq¢) ——P HSNO; aq) + 4NO2(g) +8300) 


(i) Zinc:gives different products depending uponithe: concentration of acid ‘and'temperature. Very. diluteinitric 
' dcidipives!NH{NO.. Moderately dilute/nitric acid'gives nitrous oxide while concentratedinitric:acidigives 
NO}, TS hae 
_ Zig) HIOHNO,(y,51) AZ (NO3) 57,4) + NHGNOs(aq) + 3H20(4) 
. __ AZin(gy +1 OHNO 3/4) ——942Zn (NO3) (24) +N2O(.)+ SHO 


- + Big) + AHNO 4 cope) —* Zt (NOS) i * 2NOe + 7H ey 


J 


4. With Reducing/agents : = =" al 
Reducing:agents'likeiFeSQ,, HjS‘and/Hl are converted ‘to’ Fe;(S,);, S andiIhirespectively, when they reactwith 
conc. HNO}. ; supe a fe 

6FESO 449) +3180 49) #2HNO3(con¢) ——> 32 (SO3) 5 a9) + 2NOe) +4H30(1) 


| BENO5c590) + 3H9S (g) 94H} 0/2) + 2NO(p) +38(,) 


GHI (aq) + 2HNO (conc) —? 4202) #ANQ Bly) 


4 


5... (b) Which metals! 


j 


| ° 


} 


Baa pan <a 


When one‘volume of 


concent: 
employedito dissolve NO 


\isimixed iwi ; ; 
alienate with 3.volumes.of; Concentrated'HCI, aqua regialis formed, It is 
HNO 4c. 0 Z 
Ox or 3HC Keine) — NOGhaq + 210% + Elz, ) 
\raee n 
Posed :givingiN© and mascentichlorine[Gi], 
ne[Cl]ithusformed on the ae 0 ae 1; 
Hobie‘metals such \asigold'and platinum int i 
Ee yabinum intg their-water-soluble 


NEI formediis decom 


The nascent chiori 
chlorides, ; 


Aug) + 3[€Ifoq), ——» AUCh oq) 
i) + 4(Gy (ag) ———> PtCliteay 
Uses of Nitric acid a 

[tis:used: g 
i as'allaboratory.reagent, 
- inthe manufacture of nitro ili 
_. wimanutactire ofnitrogenous fert 
3. inthe manufacture of explosives, ree 
4, for making ‘organic dyes and varnishes, 


+3HINO, 80. 


- NO; 


oii SA Site stotutne (TNT) 


© +3HONO, —heat_, ON: 


2, 4; 6 -‘Trinitraphenal 
(Picric acid) 


CH=CH=CH, oa CH= O=NO, : 
He oS ish SH .—fH— 
by én Gu NO;——=> CH-—O=NO,; + 3H;9 
oH! CH=O=NO). 
Nitroglycerine 


Occurrence 

: —t 
Phosphorus is the sécond:member of; group VA. Its:nanie:comes from:Greekwword meaning-“Light bearing”. 
; ME Ocaring™. 
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© Unlike nitrogen. it does not occur in free-state in nature. Most of the phosphorus is found in-deposits of: phosphate an — 
racks, i.e. impure'Ca;(PO,)> and apatite CasF(PO;)s. Halidesiofiphos of Phosphorus 


© Asa constituent of plant and animal tissues. it is essential for their normal growth. It occurs especially in\sceds; the Phosphorus Trichloride(PGI,) 
yolk of eggs. the nerves, brain and bone marrows, usually in the form of lecithins. . Preparation . 
® Inthe fonn of calcium phosphate, it is essential constituent of bone. Bone ash which contains 80% calcium phosphite I, It is usually prepared by melting white phosphorus in:a retort invanvinert atmosphere of Osantitcurrentionden 
Ca; (PO). is an-important souree of phosphorus. chlorine is passed Overt: The-vapours of PC; are collectediin a‘flask:keptiin:ice-bath. ; aha 
Ailotro 2 , 2K) #313.) —> 2PCly 4) 
Phosphorus canenist in atleast six different solid allotropic forms which are ‘ 2. Itmay also'be prepared|by. the action‘ofi phosphorus with thionyl'chloride. 
i) White/Yellow phosphorus (ii) Red phosphorus (iii): e-black, phosphorus 2P,. 44800). — 
& ack phos : *) Violet:phosphorus (vi) Scarlet, phosphorus : (z) JSOCTTy >2PCI 4) i 2802p) +S,Elis) 
(iv) B-black phosphorus (v) Violet:phosp Properties of'PCl; 


We will mention only three here: 
1. White phosphorus : 
° Physical properties: White phosphorus is a very reactive, poisonous, ‘volatile, waxy, 


Itis a colourless fuming liquid which boils.at'76°C and freezes at'-112°C, 
ChemicaliReactions 


1, Ikcombines. with clilorineto.form phosphorus!pentachloride, 


PEL) +Ely(g) ——>+PE le.) 


e Structure: It exists in the form of tetra atomic molecules (Ps) which have a tetrahedral White: phosphorus 2, It combines with atmosplicric oxygen:slowly.to form:phosphorus oxychloride. 
structure, 2PEly/) + O2(,) —> 2POCly,, 


: 4 oat 280°C toiPs vi s which dissociz : °C:to)form)P» molecules. ae : AP i ; : ‘ 
° Heating effect: It boils.at 280°C to\P, vapours which dissociate above 700°C to 2 3. Ibis soluble in organic solvents, but:readily reavts with water to\form phosphorus acid, 


2. Red phosphorus . one PEly) +3130(.) —¥H;POy,q) +3HCh,.) 
© Physicaliproperties: Kudphosphorus:is less reactive and!less: poisonous than white phosphorus. ; 
° Preparation: It is prepared 'by heating white phosphorus in:the presence.of little iodine or sulphur as.a\catalystiupto | = Saree) 
250°C in vacuum, The tetra atomic molecules ofiredjphosphorus combine to formjmacromolecules, ’ SEHRO! 10) + PEly4) —> 3EH3Cl,) + H3PO5,) 
LQ 3CH;COOH(,) + PCly yy —»3CHjCOCl» +H;POy, 


Phosphorus:Pentachloride (PCI;) 


4. Ireacts with alcoliols and carboxylic acids \forming)theirespective chloro derivatives and! H4PO;, 


Preparation 
1. By passing dry chlorine through phosphorus trichloride. at temperature of about: 0°C, phosphorus pentachloride ‘is 
| : Red|phosphorus formed: PClyiy) #Cly(g) —>PCly,, 
3. Black phosphorus 


2. Ivmay alsoibe prepared iby passing/dry chlorine:in a well/cooled solution ofjphosphorus inicarbon disulphide. 


; oo, Ab . - . . : ‘ ¢ cett : 2 di ary. 
° Physical properties: Black phosphorus is the third form which is most stable and least reactive under/or ‘ 1 | 244) +5Clyyy —92PC1 


vonditions. Black phosphiorus\is; prepared |by heatingirediphosphorus to highitempcrature and pressure. 5(3) 


Properties of PCI, é 
Itis yellowish white:crystalline solidi which sublimes at‘about 100°C. Itigives fumes inimoist'air with an irritating 

smell. ‘ ‘ 

Chemical/Reactions 

I. Ikdecomposes oniheating producing! PC]; and.chlorine. 


White phosphorus is'a very/reactive allotrope of:phosphorus. Justify? Bt 

In white phosphorus, the four phosphorus atoms lic at the corners: of aircgular tetraliedron. ‘The haere 

in-a tetrahedral Py molecule is only 60°. This very small angle produccs a considerable amount_of strain)inil C) 

P, molecule. which can be relieved! by breaking one of the P-P bonds. Thusswliite. phosphorus is very: reactive 
= v 

allolrope. : : . : s 


Ans. 


ae. : ; PCIs(,) —> PC] 34) Ely) 
= called 2. It gets dee » water forming, phosphorus oxychloride which' 4 ith: water:to produce: phosphoric 
S F “anvil haic tian dernocsrs ale Soni and?elowsiinvdarkeilt isicalled _ I gets decomposed!by: water forming, phosphorus oxy ch ‘further. reacts with water: to| prodiice: phosphoric 
White phosphorus when comes in contact with air. it undergoes slow combustion an glows | . acid: 


phosphorescence. ones ; ; 
© Whiite}phosphorusiis toxic-and when contacts withiskin, produces)painful'slow heating burns. a 
© Insphosphorus. bondiangle is 60° whichiis'less than normial|bond'angle. Duc to smaller angle, ithas-straian 


wen PCL yg) +110() POC 9) + 2HEhiny 


H : NG -31H30;,, ——:H3RO. +3HG] 
reactive. - “oils at F: POEL (4) + 2™(e) 3 4(zq) ea) 
° ite ; -onsists.of individual tetrahedral!Ps/molecules: It is‘a waxy solid:that melts.at 44°C and'bot —— 
vee phosphorus consists indivi 4 y PCly) #411302) >H5PO s(o9) + SHClisq) ; 


ith:sand | 


| 


i 


® Red\phosphorus is used!to: make incendiarysdevices (bombs, fireworks ctc). Red|phosphorus whicnimixed\w 
is:used as the rubbing surface ofithe matchibox: 
Black, phosphorus ‘has flaky. appearance. due:to layers. 


3. Ivconverts metils into their chlorides. A ! 
ZN) +PEls,) — > Zn€ly/.) + PEL) 
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- ne 

Halide of Hybridizati : \3 ae : 5 

fc Fei esbii omoy, (encore, 

j | Colourless: fuming aE ; : 

| liquid 

a Yellowishiwhite | 
| cryslalline sclid 


Acetic-anhydride 
€HsOH, 4) +P2Os() —> CH yg) + 2HPO3(,4) 


Ethene 


Phosphorus Trioxide P30,(P,9¢) Oxoacids of phosphorus 
Preparation 6 : cree Phosphorus acid (H;PO;) Hynopvosnborus acid ie 
P30;.can\be prepared by buming white phosphorusiin ailimited supply ofiair. : Preparation a Phosphurus acid HyRO; 
; ; anit re —_. _.. Hypophosphoric acid || Hy 
* Pysy+ 30x) >2P3045) 1. Ibis prepared!by dissolving: phosphortis trioxide.in cold water. —— = = + 
= A 7 . rthophosphoric acic 
ti : 204) MANGO oy —E>2HiPOj ny; |_oetentesnient 
Properties of P20; ‘ : wee” ‘ 4 . b ‘ els) p> (4) 3304) Pyrophusphoric acid 
0 [tis awhile waxy solidiwith garlic like odour. . ; ; Ags 2. Mis also obtained by: the!hydrolysis of phosphorus trichloride. , ; Tra h sohorieacid Tr 
© ftimelts:at 22;8°C andiboils av 173°C. - ' PCl ye) + 3130p, —¥H3P Og 44) + 3HEl ay) —— = — 
© Ivisthighly poisonous innature, : 3) a(t) I3(ad) 4 Peroxophosphoric acid || H; 
Chemical reactions. Propertigs:of HiP@s P Ae 6. 
1, Whentheated inthe presence ofiair (oxygen), itis conyertediinto, phosphorus pentoxide, 4 . Wetec ay Lpprsolid.whichimeltsrath7316xe- : =— 
| PiOy,) +O »P;0 Chemical neagtions " @.\How. phosphorus acid 
23s) ~~ 2(e) 25s) 1. It decomposes into, phospliiie and orthophosphorie acid‘on\heating. Q:|How iphosp 


acts as reducing:agent?, || 


2, Ivreatts with.cold:water to give phosphorus acid. © 4H ;RO,,) 
. . : s 


L >3H3PO,(,) ae PH 3p) 
s © PQyz) #35, —92HPOY, 


: . A i Q@. How does P}O; react 2. Itis:ajpowverfulireducing agentvand reduces CuSQ,. AgNO3, etc. to,the metallic'state. 

With hotwater. it forms:;phosphine:and|phosphoric acid. with cold'& hot-water? HsPOy it CUSO jog ie 130, > HsPO ji) ie 1380449) = Cup, 

= Danae EA 7 SHSPO Aaa) + PETA HPO.) + 2AgNOy/.q) + 2NHjOH(4q) —PH5POj(aq) + 2NHGNO3(oq) + H2Q(e) + 28%) 
Phosphorus Pentoxide P05(Pq0:o) 3. Ireaets with oxygen to form orthophosphoric acid. 


Preparation: ‘. 2H5PO.) +O2(y) 
luis preparcdiby burning phosphorusjin(excess ofidry air. 


»2H5;PO,,) 


4; Nascentihydrogen produced by: Zn/H€lireduces H3RO3 to,phosphine. 
Pais) + 5O2(¢) => 22045) HPO) +6[H],.) —PPHyq) #3420 (e 
Properties of 'P;0 ss ae Sen i 

ee ; Orthophosphoric acid (H3PQ,) 


© Itis;a white|hygroscopic powder having,a faint, garlic like odour: dite to the presence ofitraces: of P303: 


©  Itsublimes:at 360°C. Preparation rte ‘ 

Chemical'Reactions : ; Qltiow does !P:0 ‘ ae ‘1. [tis prepared!by:dissolving phosphorus pentoxide in! hot-water. ‘ 

~ . 25 th! . r 1 QHSP. j 

1. Withcoldiwater, phosphorus pentoxide forms metaphosphoric acid. with cold/&:hottwater?. P3055) +3H20(2) >2H3PO4(aq) 
P3O5;) +H3O(2) —2HPO4(,4) ; 2. Itis:also obtained by heating red phosphorus with concentrated |HNOs. 


S M : HEP -{ 
Withihot water, it-forms orthophosphoric acid. ~_ Pig) + SHNO5 cone) — > H5PO jag) + SNOa{e) + Hey 


* PO,)+3HAO/, 9 2H;P0, : 3. Hydrolysis of phosphorus pentachloride:-also gives orthophosphoric.acid: 
=e eae (4) 'PElsgey #41120 (e) —7H3PO gina) + SHCI(aq) 


Q:10 (v):P:0, is a powerful dehydrating.agent. Prove giving examples. 


ared'by heating amixture ofiphosphorite (bone:ash) and'sand\inian electric furnace. The 
ig: treated with hot-water. to. obtain’ phosphoric acid. 


4). Onilarge'scale,it:can'be prep 


Ans. It is a powerful dehydrating agent. thus, with HNO, H2SO,, ClsCO@H»and G,HsOH, it gives NOs, SO3 phosphorus;pentoxide formed 


(CHiCO);Oand(@3H4 respectively. ; ; Ca; (PO 134s) +3Si05(.) —3EaSiO,/,) + P205(s) 
: 2HNO (aq) + PSO 53) —PN20giq) +2HPO3,.) ot P3Og(5) + 3H2O(x) > 2H5PO 4(ag) 
M158O 41aqy* P3053 —>SOxy) + 2HPOS.9) — - | Properties of'H;PO, 


| ©  Itdsia colourless, deliquescent crystalline-solid. 


80 
© It melts ai 41°C. 
© It is soluble in water. 
Chemical Reactions ’ . 
1. It is aweak tribasic acid. It reacts with NaOH to give three series of salts. 
(i) H3P6 (54) + Nala) —_>, NaH>PO 4/3) 4- H20(e) 
z (iii) Na, HPO,,, 


2. On‘heating, itloses water and convertediinto pyro and metaphosphoric acid. 


y+ NaOH (.q) —? NasPO (4) + !-O(2) 


2IGEC : Merc. ay) 
21H3;PO0, =H,0 > H,;P30; —>j577 “10 > 2HPO,; 
Onhaphosphoric Pyrophosphoric Metaphosphuric 
acid acid . avid 


Q. Compare the properties of P,C, and'P,0.. 
Q: Write down!industrial preparation of H,PO,, 
Q. Whats the effect of heat on orthophosphoric acid? 


Introduction ~ ; 


The members of group VIA are oxygen, sulphur, selenium, tellurium and polonium, These clements are called! 


chalcogens, from the Greck for copper giver”, because they are often found(in copper ores. 


at rer 


[Ne]3s°3p* 


| 0.00143 


@.13 Discuss theitrends‘in physical.properties of group WIA elements. 


Density (g/em’) 


——— 


er et 


roup ViAl 


‘alicharacteristics Of 
(i) Nature of Elements a ng 

Allithe elements of group VIA\are nion-metals except Powwhich jis a radioactive metal. 
(ii) Periodicity:in Physical, properties 


2 Atomic radii: density, melting and!boiliny points generally increase with increase ‘in atomic number 


group. 
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2 lonization energies off 


the group VIA-members-are very highiwhichishows 
e Oxyge 


nis the:most electronegative element((E.N=3,5) after fluorine, 
(iii) Outermost Shell! Electronic: Configuration 
The elements of VIA group hav 
configurationiis ns?np'. 
(iv) Allotropy 
All the clements of group VIA show the property ofiallotropy. 
e Oxveen hasitwo allotropic forms (O;-and 0)). 
2° Sulphur has: 3 allotropes i.e. riombic sulphur. (&-sulphur), monoclinic sulphur (-sulphur) and plastic + 
sulphur (y —sutphur), . 
2 Se‘has:two (red ‘and igray) allotropes. 
°  Tehastwo.(metallic and 'jonimetallic). allotropes; 
(v) Vaiency ; 
AML the elements ate polymeric in nature (they form poly-atomic_ molecules); They atiain. the electronic 
conhiguration ofithe nearest noble gas by-gaining 2/¢lectrons:forming:O7,S”, Se* ete: 
(vi) Catenation 
Sclf linking: property of'an elementiis called catenation. They, also show the property of catenation. This; property 
deercases downithe group, ° 
(vii)\Covalency 
Fexcept oxygen, the other members of the group VIA show-a covalency of +2, +4:and +6, for.example,SCf,, | ~ 
SC’). SC/), . +2 oxidation state is shown due to 2: unpaired electrons in the p-orbitals. $4 oxidation state is 


Shown when | electron from p-orbital is promoted |to:theinext vacant d-orbjtal, while +6: oxidation statejis shown: 
When another electron from s-orbital lis also, promotedito the nextivacantid-orbital. 


(viii))Polymeric molecule : 
~The elements of this group'usually form polymeric molecules.‘e.g, ©,,0,,S,,S, ctc. i x 


iheir'reluctance.to lose electrons. 


€ six electrons in their valance shell. Their outermost shell electronic 


ans Except oxygen, the otlier members of group VIA.show more than\two/oxidation states because they have empty 
‘d-orbitals. They:show. oxidation'states +2, +4:and +6,/for.examples, SCl>; SCl;,-SEl,. +-2ioxidationstatesis shown 
duc to 2 unpaired electrons inthe p-orbitals. +4 oxidation state is shown when || electron from “tp” orbital is 
promoted'to the nextvacant.d orbital;'while +6 oxidation state'is shown when‘one electron) from p.orbitaliand/one 
electron from's orbital are/promoted'to'the-vacantid orbital. = 


’ 5 D. (| Ee ee 
+2 oxidation.state 1] t/t (je ao [si faa fe} 
+4 oxidation'state f t [* ] ‘ [i [oa] 


+6 oxidation state | Es EL a] 


= 


Occurrence — me : : 
Oxygen - , , a: : 
© QOxveenis the mostwidely distributed and common.ofjall'the:elements, comprising, about'50% ofithe carth’s 
crust, > 


@ About one-fourth of the atmospheric air by. weight consists of free oxygen. and water contains,nearly 89% of 


combined oxygen. I ; 
© ‘The calcium carbonate-which occurs'as chalk, lime stone, marble'etc, contains 48% oxygen. 


© - Silica whichiis found in flint,.quartz etc, contains more than 53% oxygen'by weight: 


TRY — xn 


Sulphur 


Sci ses : It do ‘ . 
Sulphur is widely distributed in nature €s notoccur as-such in: 


: nature, how =p 
and rivers. » however, smalli quantities:of H;SO : 
‘OF H12SO, are found. inithe waters of : 
= some springs 


parameter fos the-industrialigrowth ofia country. 


it involving! the catalytic:combination of sulphur 
Principle | 


SQ, obtained by buming 
catalyst. The best yield of SQ; ca 
400 —500°C:SO} formed is abs 


sult . . . woe 
5 ee es aA Gyites is oxidized’ to SQ; in the presence of V3; which acts.as.a 
| a by using’ excess of oxygen or air. and keeping the:temperature between 


e Sulphur also:occurs in organic compounds. present in animals:and vegetables. Onions, garlic, mustard, hair, many 
orbed i ak 
in concentrated H,SO, and: “Oleum? ‘(H3S,0,) formed can be converted to 


ails. exes and\proteins consist of compounds containing sulphur. inithem, 
© -Itulso occurs as-a.constiiuent.oficoaljand{petroleum. 


stiphutic acid ofiany Strength| by mixiiig adequate quantities ofwater 


Stepsiinvo 


The process:is completed in Bicns given'below: . heey =; a 
(a):‘Sulphur burners 3 


Similarities 
‘ : 4 ; a] S , i . . o> = 
-ob. Both oxygeniand sulphur have:same outer electronic configuration of nsgnp'. ulphur or iron pyrites aro burntin excess of air.to'produce SO, pisevickonidenmaysreterde) 
2, Both oxygen and sulphur are usually divalent, O~. S~. : ; ; Si +0. 0) the catalytic ability of 
3, Both oxygen:andisulphur exhibitallotropic forms. Allotropes of oxygen are ©; and!@3 while allotropes ofisulphurare, Tet) (u) . V30,, so it must’ be 
rhombic, monoclinic and|plastic sulphur. AF eS.) + '0,(4)-—> 2Fe,0,,) +8S0,,) removed: 


(b):Purifying ‘unit 


SQ) is purified from impuritie 
consists ofithe following: parts. 


4. Bothhave polyatomic molecules. Oxygen'has diatomic. while sulphur has'S2 andiSs molecules. 
5;. Bothvombine with metals initheiform of @* and!S* with oxidation'state -2. 

6; ‘Both combine with non-metals-andiform:covalent:compounds..¢:g, H3O andiH3S, CO}; and\CSy, ete. 
7. Both are foundiin free and’combined states on earth. 

8: Both are typical non-metals. 


s like: dust and| arsenic oxide, to ‘avoid poisoningof the catalyst. Purifying unit 


(i) , a chagpber: Steam is injected:to remoye dust; particles omitheseases: 
A Sha ES The. gases are; passed through'lead|pipes to coolithemito 100°C 
ill 5 ~ - “ = Ja%ee é o\~ : 
erubbers: The cooled gases arc washed|by,a'spray of water,-as'SQ)\is not'solubleiiniwater. atiiigh temperature. 


(iv) Drying Tower: The moisture ofi gases is removed: oi < 
thisttawernn sture ofigases is removed by concentrated'H3SOtrickling‘down through the!coke fillediin 


_ Thereare two allotrapic forms ofioxygen i.e. 
().andiOs. | om 


"2. Ibis\gas atordinary temperature. 


(v). Arsenic Purifier: Arsenic oxide'is:then ‘ 
3A ? iremoved | by} the; ith ichamb idediwith) sh 
packed withieahtyreaeedierielyteerte y | passing the gases: through aichamber. provided with) stielves 
(vi) ‘Festingibox: Inithis box, albeam oftlightis'i ced which indi : 
xX: x, ofilightis introduced which indicates:the! presence or.abs ‘soli icles 
presentithe gases are sent!back:for further purification.” SE ee 
(c)\Contact: chamber cea 
Pre-heated |gases:at 400-500°C are|passed through vertical i id with \thie ‘catalyst'V30s, Here'SO 
Piel ies at areip rough vente iron columns packed with thescatalyst\V205.Here!SO; 


Oxywenis sparingly soluble inswater. 


“4, Oxygenihelps in combustion: 
"5, [vis)paramagnetic ininature, 


~ {tidoes:not:react with water. | When steamiis passed through boiling sulphur. alittle 


hydrogen sulphide and sulphur. dioxide are'formed: / £400°500°C 
i "7. Iudoesinot react with acids Th Z “idi a lio 28014) + Oi — vo, 50) AH '==269.3'kJ/mio}| 
. ‘ittdoes not A a * Tr oes phe q ~ - 
oes SUES ———— - nie : : — = _ The-reactioniis highly;exothermic so no heating/is.required once theireactionjis'started 
u . Itdoesinotireactwith alkalies. Itreacts with alkali solution and iformsisulphides and (d) Absorption Unit . Ubeb 


| {thiosulphates. 


TT 
SULPHURIC AGIDIEZSO; 

Sulphuric dcid\was first:prepared! by a! Muslim scientist Jabir Bin Hayyan in:8" century. In\/Europ 
ciuries, its preparation on commercial level was started duc tothe awareness of its properties and us 


- The SO} obtained |from the contact:tower is dissolved|in.98%\HSO, to) form “oleum” ((H3S:0}): Ilican|be diluted! 


With water to getvany required concentration of sulphuric acid. : 


HpSO (aq) #893(¢) —> 12829712) 


H$30,7(2) +H30 (0) —>2H 280 4(a9) 


“ait 
yin 14" and! 
es. It:was calle) 


— soilofiviariol?. 


Chapter 4:(Group.VA Vand VIA\ ‘Eleme ; 7 a 
nts) Scholar's CHEMISTRY — XIN (Subje ; , mas 


ubjective) 


sie Conmet 98% FESO { . k _ 
Cone SO, NIE chamber : 2. Dibasic acid 
; : I is wt Strong acid, hivan aqueOUS solution, itcom 
ions. The Jissociation:takes placeiiniwo steps. 


Sten Water 


pletely ionizes tu give hydrogen. hydrogen sulphate and sulphate 


H3SO ju) + Seer HS; 


aq) 
MSOs (4) 4 1,04) — *SO%a4) + H,0° (4) 


Q6. (a) Sulphuric acidiis said: ‘tovact.as‘ania 
cid; an oxidizing agent:and aidehydrating agent, descri ions i 
each case to illustrate:the'truth ofithis statement. ade ee a Sime 


Catalyst 


Motien stupbur p Myer 


Absorption tower 


Lea I. Ee BactiG ens ' : 
Testun bo? 10a MSO, c MS aiReactions.of HiSO;; sasiaecid 
{i) Reactions with alkalies 


Gontact,process ; _ ae ‘ va ’ 
IGS0,),,) 1 NaOH gy >> NAUISO 0 HO .g 


Mair 


Q.7:(b)_ Why's SQ, dissolved in\H:SO, andinot in water? | Me, MoM enucso., aio 
When SOs is dissalvedsin 98% TLSQ, pyrosulphprie acid (aleum)is obtained. - (ny) (aq) M29 ag) (4) 
IESO\ay |-SOl,, ——=sIRSIO}, 
Oleum eanibe converted/to: sulphuric actdofiany organi concentration! by ixing adequate amount:ofiwater, 
[8:04 1 Og, -——> 2H SO tigy 2NalICOy,.) +H; 280 s(n) —PNatySOy(,4) +213 O(a + 2607 
While SO: isnot dissulvediiniwwaterdireetly because : (iii) Reactions withisalts 


Q) Vhe reaction is highly exothermic, Z 

one ee . a ANacl HHLSO __ strong heat 

- Gi) SO: isiless soluble in EO avhighitemperature. (3) 0829 P tag) Na SO 4) +2HEl,,) 
Gi) Adense fog is;produced which does noticasily condense: KNO 4) + NSU a4) *KISO sea) | NOs) 


(iv) Sulphuric acidiofirequired!concentrationicannot!be prepared: 


(ii) Reactions with:carbonates andi ihydrogenicarbonates: 
Nas@O...) HHSSOy, uy NSO tay HHO ;) + COx 


Q.7(¢) Explain the action of sulphuric acid’on' metals along.with’chemical.equations? 


——— = SS Ais)! aReactic ANsiOfiH:SO; (within 
IGE — Fhe advantagesof contact process for the manufacture of H3SOyare given below:- (a) ilu = a “ a iNfetals 
. . . eacidireacts.w a an i e hiv. ron ods 
i) By usingithis|process: we can\get/H3SO) ofiany: required concentration. ; esa a: all metals to produce hydropen gis. 
(ti) As\no'by products obtained during: this;process. So, itlisaienvironment friendly, ‘Process, Fe + HySOy——> FeSO; +; 
(iii): Wyisyused\in'commercialipreparations. =. * ; | Zn +1580,—— ZnSO, +1, 
(iv) The catalyst! ‘usediiie, V20s)is solid: So, ican ibe) hand led’castlys : My #1580, >MuSO4 +H, 


Q6. (b) Give the advantages oficontact:process.for the manufacturing. of sulphuric acis (H;SO,) 


Sn+H5SO; — > SnSO, rs 
: i (b) Coldiconcentrated/H2SO does notireactwith most ofthe metals: like Gu. Ag, He, Pb. Au: 
Pure sulpliuric avidiis aicolourless oily liquidiwithoutan:odour. (c) Withicertain metals, hot concentrated ‘sulphuric acid/gives metal sulphates, waterand'SQ,.. 
lisspecilig gravity is 1.834 lav Sec, Cua | 2H2SO 4) > CUSO ya.) a 2H3O0 (04) +$0,5) 
alt freezes:at (0.5°C, 5 ; 
‘Hs boiling: points: 338°C. (ag) 


stiould 
It'dissalves) iniwater. likcrating.ailot oftheat whichiraises\the temperature ofithe mixture up ito 120°C. HASO1s sliou! He,,, +2H3SO,.,——>HeSO 2H30,;,+SO 
always'be poured|inwater in: waitin sircam to!avoid-any accident. : st) Seen a) oa)? (9 


Pure acidlis‘a nonconductor ofielectricity butithe additionof-ailiitle water makes i'ajgood!conductor. : Qa:(v) Write: down the. equation’ for. the reaction|between'conc. H,SQ,.and ‘copper.and!explain\what: ‘type of reaction: 
Iuis extrenicly currosive to skin and:causes very serious bis to allithe!tissues. isiit., 


hemicalll Reactions ek . Reaction betweeniconc. H,SO,.andicopper: 
1. Decomposition Hot conc. sulphuric acid!/reacts with Cu to form copper sulphate:and'SO,. 
Inissstableatiordinary temperature! bution strong:heating it: dissociates into SO:.and/H30. As 
H,S0,-—>S0, +1H,0 


+2380 — Ag SO yay) + 2HIO (44) +SO. 


(aq) (a4) 


2(inq) 


Pie ee ~ 


Scholar’s CHEMISTRY — XI (Subjective) 


Precipitation| Reactions 


Oxidation 
: > aa : a 
Cu +2H, SO, CuSO, +2H.0+59: White ipi 
: : 2 recipitates is: ayes 
<aualien an precipitates:is produced iwhen'!H3SQ; reacts: with aqueous solutions of/BaCls, Pb . 
the oxidation state of Cu is: changed from “zero” to “o" in CuSO, and thus Cu is oxidized. The Bae lag) + HaSO sy —»BaS0, + +2HEl Ee 
ys that sulphur 1s reduced. Pb(NO;). _ FH,SO (2a) 
UATE 2 =r 
3(0q) 1 1 P294(9) *PbSO, J 42HNO 


In this reaction, 
oxidation state 0 
Therefore the reaction is:an 


Qs itis +4. This shov 


tireacts with oxidizin -aventsili B 
¢ g 2 t like KMnO, and'K3€r. 0} i 
2KM a 2 to liberate. ox: 4 i idi 
7 - xygen which! may. ox! dize:o Tr Y 
, 7 : : y 1a) Nits compounds. 
ee I 24 i |: 2 3 7 
2KMnO +8H SO + 101 t rk St ay / 5 + 5Fe (0) + 
U f S al 4 7eSO. “K5SO 2M ‘ > ‘ } 8 ( 
. . , F Wn : 4 4 4 3 y (S x3 8H5O 


£S:in\ H3SO; is +6 whereas in'S 
oxidation reduction. 


shoo 


Reactions as a dehydrating agent 
HhSO, has a great affinity for water, 50 it acts as dehydrating agen 


compounds. 


t and climinates water: ‘from’ different 


Q. What happens when 
conc. H;SO, is treated 


dit forms: CO: andiGO. 


(i) WwW ith oxalic:aci 
: GOOH with 
0 11,80; - a G : 
a COr 1) HCO iy) + 2 (\) Ethy!'Alcohol ri wath manu 
nasa f in nanu acture ofifertilizers like'ammoniumisulpl ; ( i 
in refining of; petroleum ;to OR ener SS oes ext 


(iii) Starch init! 
in ie panes of HEI), H3PO;.. HNQ,, and sulphates. 
asa de ydratingyagent for drying gases, 3 
in alee sae ah cells 
in the manufactureofima ical : 
zZ imany. chemicals, dycs ics; disi i 
" ae cals, dycs, drugs, plastics. disinfectants; paints, explosives, synthetic fibers etc 
initextiléy iron, steel, leatherand paper. industries. s | 


(eh) With iformic acid, CO is formed. 
COON), USO, CO) +H} 


Sey aAybwne 


ms ethylene of ethene. 
> + cone SOy - wHs 
C;H;0W— Tore »CaHy + H,0 
carbon‘and\watcr, * 
_vnethisr_y6C + OH1,0 


(iii), With ethyl alcohol it for! 


andistarch it forms 
C,H,:9. 
C30), sess 9 26 + TIO 


(iv), With avood, paper, sugar 


4 


ea p V-A ] ncreasec. do n Cc group. trogen and phosphorus are meta ars: [oy 
In “rou the metal ic character! SCs WI th N t 2 
2 ~ : 8 . { t 

‘non-met Is ent 


cone WSQy r . 
K (CgHygOs) "On +5nH,0 m 
Asian Oxidizing Agent : — A ea arenes while bismuthiis-a metal. 
H,SO, acts asastron® oxidizing agent hye P\. a +hosphorus and other: members of V-A group canimake use ofid-orbitals)i i 
; it * ; sides: ofini ( har id-orbitals)in} 
(i), Wwoxidizes € and'Sigiving CO: and\S@srespectively. 4, eee oa: oo niege ah NO, oe N3Q; andiN3Os. a bending: 
Se BESO\, EO ay F280 nen ES E gen! re aee a LINO, and\HNO« HNOs isan unstable acid andl exists only 
: Cyt 2HSO soa) *EO xy * SO xy) Fw) i HINO is notonly a'strong acid'butitvalso acts as a eae atl and(exists.only in'solution. 
§. + 2H,SO gq) —?7359O 5) FOU §. _Aquarregia'is a mixture of one volume of concentrated HNO ndihzewol 
5 (5). 39M (aa) xy) (a 7. Phosphorus exists in six.allotropic forms. White|pliosah SU3}an three volumes oficoncentrated/HGl; 
i) HaSiis oxidizeditos. 3 . 8: Phosphorusiforms two types of.chlorides:PCl;, Pel, Talis ace Aeris Pi one red to red phosphorus. 
HiS,) tHSOqen— Se" SOx) +2130) 9, Just like nitrogen. phosphorus also gives two types aroxyatcids: eee aane ua 
1 AESBCD: ; =i ; phosphorus acid) (H3PQ3) aid phosphoric -acid 
0: Phosphoric acidiis aweakitribasic acidiandliu.gives three series of'salts with strongibases : : 


HBr: andiHiiproduce' bromine and\iodine:respectively. : 


IHBTas) FHS 
yyy FSO) * 2H:O() 


11, Group VI-A ofthe periodic table:contains only one:me iv 
ia Hheseielanny show: the property, allotropy and ihisyare SEES Fost Os meMBrs ate wore NACA At 
: xygenjand'sulphur are) the most abundant elements of group-VI-A. Oxygen is:thic) mosti wid ann 
ia gonition, ofiallithe elements. Sylphiuréis widely distrbuted in nature in both fee and'com “Alf lyicieributegane 
: sulphuric acid isicommercially prepared! by. oxidation of SO: in\ the) presence: of: acatalyet 10 SO, i ; 
: ) italy: ); .inta\ process 


7 called(Gontact!Process. 
4. H3SQ,)is‘avery strong acid. It acts as‘a.dchydrating agentas well as an onidizing agent 


(iii) Reactions of H:SOs with 
Bry #80 yy) + HEM 


DH ug + HSSO xan 


Reactions with Gases : 
¢ the followin 


(i) Itabsorbs SO} andiforms oleum. ; 
H.SO jy, + 5951 — 1,830.24 Q. Which) 0 th : 
(ii) Itreacts). ithammoniaiformin ammonium sulphate Z gas cannotBe Grieder 
ii) Itreacts with: aforming ¢ s ale. . See pak ve a ate 
= = huric acid? = - WH IEC TRE BMAP 
ae 1 + ANH) HHESO soy ¥(NHQ)ESO a3) : Geol ne): CO; SOLVED OBJECTIVE © XERCISE 
fein, (2), O Ql. Filllinthe blanks. i 
(i) The elements ofigroup'VA\are called/metalloids 


In‘Birkeland andiLyde's:process ____ isiprepared Remintmoenicric oxygen andinitrogen 
fiatoms:is called ; eo 


i) 


(iii) The tendency to‘formilong chain.o 


Reaction with Benzene 


Benzene gulphonic acid\is produced when|l SO, reacts,wWillybenzenc. 


C {Higny PEGSO iy —PEHHSOLOM (a * HO.) 


Benzene sulphonic acid 


88 Chapter 4.(Group VA andViA Elemen 8): 
—— eS renee 
(iv) Allthe elements of group VIA show the propertyof 
N Selenium shows two allotropic forms which are called fornis. ; _ (vi ; “he . 
( y c mt S : op pes jae . . , Out of all the clements of group ‘VIA 
(vi) Specific gravity of H»SO, at 18°C is : elenient. 3 
(vii) Thy issprodiiced!by reacting HSO, withimetals, like _ : : (2) Te (b)'Se : os af, 
(viii) Uhe elements af group VA exhibit maxinium oxidation state of ane ii SOs is notabsorbed iinwwater directly to\form/HsSO, b ; (d)Pb 
St Gt > nN = ae: a : y tO} B; ecause 
(in) Theoutermost shelf afereup elements contain six electrons. (a) The reaction does NOt.go to completion (b) The reacti mn ite s} 
; ; : r yr rn & ioniis quite 
(x) OXy ven shows behaviour due to the presence of unpaired elcetrons. ; ; (c) The reactions highly exothermic (d) SO, is insolubl oe sae 
YY re ea amen : c 503: luble in. water, 
(viii) Whicir Catalysis used imcontactiprocess? 


ihe highest melting and boiling. points is: shown by the 


(xt) > Cone. Phosphoric acid'actyas a 
(xii) Nittogen is gas while other elements ofithe same group are 3 ; (a) FeO; (b)'V,0; (©)'S0; NERO 
(atti) Noble metals like gold and)platinum are dissalvediin Which ofthe following specie Jins the niaximum umber. éfiunpatved eisetrois? 
(xiv) Sulphur is different fromoxygen because it shows _ oxidation states, : - * 
(xv) HNQ.iscusedtinithe manufacture of ____ fertilizers. 


Answer-Key. 


4 e: See > Ber. 
PN lestithan other elements of its group, Due.to.smallisize, inis”_ 
very difficult fo remove -an electron from its oulermostishell, that's why.it 
has highestionization,cnergy, a 
Elvetrongativity decreases. down ithe group. 
ee | |.2NO + 0,-—» 2NO; 
) | Aqua:Regia . RN i nS 
g mReg { -___ jf = NOz gas exists'iniN;O, state (dimer) 
"owy | Nittogsncous | ; NO SN (ie) 
: . = ; “U4 4 strom ——> Eu (NO) (one) +2 2G 
Indivate Truc or False. ~ es NG “6 i as ; U (NOI) (conc) + 2NOxe) + QUO), 
: a ‘ ; A : = NO1 gas is\reddish'brown in;color. © 
0) The melallic character injgroups VA and VIA elements increases down the group. 2 en nicolon iemee st rt 
(ii) The elements of group VA exhibit maximum oxidation state of + 5: a it . pee ee little oxygen, ifinhaled for sufficiently longsinic:causes. 
— ee . . ne : sterical laughter. : 
(ii) lonization:cnergy ofiphoshorusiis greater than that ofinitregen. ar Aiea “i 7 > —— — =I 
- : fe . ; ' he melt i ‘point increases: helnfolp Soa Dl 
(iv) The electronegativity offoxygen is:greater than allother elements of groups VA and VIA. ; ear ne Ging BOM Ncreases down theigroup amongnon-metals. 
‘ i So ne = a ee ; So, Te has‘highestmelting (450?C)-andiboiling:point (990°C) 
(v) V2Qs is'used:dis acatalystitor the oxidation; of SO; to SO3. : : . i (e) The reactions hishiy "The rencty a 
ae = : : “= a TUS Muy he reaction.of SO, andiwater is highly exothermic as heat contents of 
(vi) Fhe oxides ofinitrogen are! basic i nature. _(-¢xotherniic, reactants is higher: than. that off product((H3SQ3) j : 
(vii) Aquairesiatis prepared! by mixing 3 parts oficone, HNO: withione partioficonc. HEL AD) M305 [EVOsiis\very-cfleetive catalyst for llic:conversion oF SO: 10:SO3.ga5. 
(viti) TNYD is;prepared!by. the reaction oftnittic acidiwith toluene. Bi (ix) pe QO; No. ofunpaired electrons in'@s, = 
(ix) Ps. whenireacts with coldiwater gives phosphorus.acid-and with hot waterit:gives|/phosphoric:acid!  ” | No. oftunpaired electrons in'@, 
X Sulphuraccurs inimany organic compounds of animal and vegetable origins. i P i. ee 
(x) phuri Vv org } vegels 8 ’ - No. of unpaired electrons ind, 


Answer'Key. , fe 
- No. of unpaired electrons in, 


2 
{ No, ofunpaired electcons.in @ , 


Q3: Multiple choice.questions. Encircle the correct:answer. ; : 
(i) Outofallithe elements offgroup VA, the highestiionization cnergy isipossessediby. ° | pees c pete Ce eatortl| d aXe 


a) E e us Se pei : ' HNO, i Oxidizing Agent, justif 6 equations 
(ii) Amongigroup VA clements; the mosticlectroncesative elemenisiis ; = MOMENCES ting gen mse y Eq! ae 

(a) Sb (b) N (¢) P (G)) As P,Q, is, powerful dehydrating agent: Prove'by examples. 
(iii)  Oxidation'ofNOlimair produces ~ ; Whatiis!laughing Gas? Why jsiitcalled so? ; 

(a) NsO (by'NsO; (c)NSO; (@).Ns0; , : How many aillotropic forms:of phosphorus exist? Write the-name of any’three forms. 

5 30); CIN: 205 { “NO” a 4 ent. 
(iv) The brown\gas:fornicd, when mead reduces HNO; to dusty het Novects a8 reducing a ; 
a)'N:Os (b)'N:O3 ; NO a ; : Whatiis meantiby:Fuming of nitric.acid? who P| 
GyINIO8 fee 203 (c)'NO; (dyNO- - . How does nitrogen differ from other members of'its family? 
(v) Lang hingigasits Se aN a - ; : Why is SO, dissolvediin 11,SO, and’not'in water? 
N2' 4 


10. Explain the.electronidot structure of nitrous acidiandinitric acid. 
11. Give the reactions of dilute nitric acid with 

(a) Magnesium (b):\Copper 
42.  Describeiringitest: for the:confirmation ofthe presence of nitratelions.in'solution 
13. Write down: the uses: of’sulphuric acid. 
44. ° Whatis the heating effect on orthophosphoric acid? 
15. Write down dissimilarities between oxygenand sulphur. 
16. How:does HNO, act as aireducing agent? 
17. Give reactioniof HINO, with 

(a), As _ i(b) Sb 
18. Give four uses.of HNO. 
49:  -Give’reactions iniwhich HS, oxidizes 

_(a)\Carbon (b) | H120 
20: | Why/does AquaiRegiadissolveigold and|platinum? 
24. Why elements:of group VIA other thanioxygen:show/move' ithanitwoioxidationstates? 
22. H>SQ,,is aistrong dehydrating agent. Give'examples. 
23. Reactionsiof'P203: andiP20: withicold/and!hot: water. 


9. What is allotropy?'Name the different allotropes of phosphorus. aad ere 
| 
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THE HALOGENS AND NOBLE GASES 


The clements fluorine (F), chlorine (EN), bromine (Br); iodine:(1):and/astatine (At) :are.calledihalogens. 


These clements are called ithe. a y! 
talogens from Greckihals, “salt” a 

andige Hf 

Tain eee 5 gennan, “to; formal or. generate”, \because they are 


The halogen e 
oroneitiae lements form aj group of yery reactive :non-metils and are quite similar'toyeadhilotficriin thetr-chiemical 


‘e First four-clements are the\common clements of the halogenifamily 
e Astatine is a:rare’ halogen. [tis radioactive andiits most:stable isotope has aihalfilife of:8:3)hrs. 
Physical Properties 

(i) Physical state 


Walogens:exist as discrete:diatomic molecules in'alliphases (gas, liquid’ or'solid), 


poe and: ciforine are: gases of pale yellow and} greenish yellow | colours: respectively at room temperature: and - 
pressure 


¢ -Bromiticiis aliquid ofired-brown colour, 
e lodine is-aimetallic-appearing shiny, grayish black solld: 
(ii) Odour. 
The halogens have irritating odours, and they attack the skin.:Bromine/in) parficilar causcs Bundi thatiheal al’slowly: 
(iii)| Outer shell electronic:configuration 
The outer.shell ofthalogens have the configuration ns’np * (one electron short ofithe stable‘octet ofithe noble gases). 
(iv) ionization energy ; 


The ionization cnergy, data of the halogens show that the fluorine atom holds its electrons tightly whereas the 
electrons'are least'tightly bound in iodine. The trend can be correlated with the sizes ofithe! halogen: atoms. 


(v))Electron affinity 


The electron affinity.values of halogens are \large andincgative, that is s. why! halogens gain electrons readily. They 
have:large, positive standard electrode potentials and their electronegativitics arcialso fairly: high. 


(vi)| Intermolecular forces 


The intermolecular attraction:is greater-in the!larger molecules having greater masses. ‘Due to)their ‘large size'the 
van der Waals’s: forcesil in iodine molecules are eistrongeri fe in the smaller: molecules, ofithe:other, een 


plorine (i ori ae a. 
— Bee 3d”, 4s? =p [ (me 5s? ae 


Physical appearance 


Jonization cnergy (KJmoI"). 


The halo | j ine di he © , 
rie gens ise a-homologous series but fluorine differs from the other!halogens in many. respects which is 
Smallisize of F atomand'F" jon, (F = 72pm, ..F° ='136pm) 
© ‘Better overlapping of orbit 
: itself. a 
. a | High first-ionization energy and electronegativity. (LE=1681kJmol", E:N'= 4:00) 


)Oxidationstates | et |B Low dissociation energy of Fas compared to:C], and'Brp. (F-F = 154:80 kimol", Cl:C1=242:67kImol") 


als, results\in formation ofistrong:and'short/bond:with:elements other than O, N and 


Bond energy (kdmol!).(X-X)_. 154.80 i DADC -_; ° Duc tolow dissociation energy, Fis higlily reactive:tlian(Cl; and'Br3. 


Sil 
fall ‘ ays Go 2 aatinnint aa Lives : 
OECURRENGE ; 2 Due to'restriction:ofithe valence shelllto/anioctet, many fluoro;compounds:show inertiess:e.g.,.CFa, SFe, SiFy. 
Electronegativity Value.and Existence of Element Also duc oithis restrictions flliorine remains testricted'to-loxidation'state. © 3 = = -° ~~ 
Elements with the higher values of elcctronegativity usually exist as negative tons, and those with the lower. Fluorine-is:the only. element that combines directly. with noble gases \like'Kr, Xe, and'Rn forming their fluorides. 
valuesiofclectroncgativity existas\positive ions, Elements.with intermediate values of clectroncgativily are often foundias lonic fluorides have fiigher lattice energies than tho other hialides and! these values: are responsible for itlic 


ions.ormolccules.or in free (elemental) form. - insolubility of the fluorides: of Ca, Mg, Ba, Sr-and lanthanidesiin water, The fluorides are, however, more:stable 
~Existence of Halogens wilh respect to dissociation'into clements. 


e ‘None ofthe lialogens is found iin free form ininature, : giProper es 
© The’halogens exist!in nature primarily inithe-form.of'gompounds. ; : Allithe free halogens: (F),\@h,, .B 


Restriction of valence shell'to-an octet». 


Ta, I;) act-as oxidizing agents whien they, react.with metals or non=metals. The 


° Theirmostcommonistate-is:the halide:ions F°,€l, Brand I”. : reactant elements acquire positive oxidation state in compound form. es . 
sea, in salt\lakesiand/as:tndergroundibeds ofisalt. ; . Qn forming onic:compounds with metals, the halogen gain electrons and‘are coriverted into negative ‘halide ions: 
Sa ee | Soe a ia] : ¢ : +@1> 
nee A zi Bromine, «| eeodinel: 2Na +Cl) ——+ 2Na'Cl 
<= = een re Ens ee wiles See = 


>i = a a" S - . —+=- ~ | HPYT. ti bt a i 1 ¢ ot he F > * i 
"Fluors ar CaF, ‘Halite NaCl (Sait beds, brine | Brine wells, sea water, premae ROSE TSs ofithe Halogens as Oxidizing/Agents 25 rte ee Sa 
Spa 2 walls, sen walter) NaBr, KBr, MeBr) _ The oxidizing power: of:tialogens decreases with increase in\atomic number. Fluorine -hasithe \highest: oxidizing; 
ABS J. D : ne : : =) power and iodine’ the least. The order of decreasing power as:an oxidizing-agentiis: 
'€ryolite Na, AIF, Fy>‘Ch >Br) >I), , 
The: oxidizing: power ofihalogens depends uponithe following factors: 
= : ———— : = — — a (0) Energy of dissociation: 
43 (iii) Arrange the following:ions in.order: of increasing size: ; : (ii) Electroniaffinities ofiatoms 
FE, Gif, = iit Br a : (iii) | Hydration energies ofiions 
= : a : : Tele dishieldit (iv) Heats:ofivaporization (for-Brz,and'J3) 
oo ionic:radiiisiin increasing order fromitop to!bottom with the increase in;number: of'shells and'shielding : oases c ' ee tes pte eT ona p 
a sa ideareaes of SS TieliGus a Foleeirons tional nicleus Fluorine is present! atithe'top of VII=A groupiand 3 If a halogen: has low energy of dissociation, a'high electron affinity and'a/higher’hydration energy of its ions it 
e ect ang igecn s aan aes pein aie } “a will'have a high oxidizing power. e.g; Oxidizing power of F) is higher because ‘it-has low. energy of;dissociation and! 
itsion/(F )iis:smaller as compare: toithe sizeiofT-ion: : higher: hydration energy ofits ions. ; = 
“Thus, the arrangement of\given ions in\increasing order is 
F< Gf <br <I 


! ‘ Electrode potential; 
Relative reactivites reat ve teen eigite 
———- Due. to the relative Strength as oxidizing agents, it is possible fe aah Hise ae a ees 
; —— ——$—= = = = _ {'  . halogenito oxidize:the ions ofiother/halogens next-tojit; in-the family. Standardielectrode- - | ~- ett 

iv). Why iodine has metallicduster? E : Bn : vice as a1y hydrogen:electrode. 
wi wives potential: measures: oxidizing. power. , :  MYSToBEn.electrore : 


Metallic Luster: of. iodine:is duc:to'the excitationiand\then:de-excitation ofvalence’clectrons. Bue to’bigger size > - ——— 
iodine molecule valence clectrons\expericnce weak nuclear attraction: When light falls:on iodine satiate Standavaire duction potential. £° 1) Fae 
bounded ‘valence electrons by absorbing:cnergy B0)into\cxcitedistate. These exeitedielectrons when de-excile: X 422" ae oa ll aiae Waqtag lt equa 
emit cnergy inithe form oftradiations. Thesciradiations)give greyishizblick metallic lustertoiodine. === = : | 


(v)\Which falogen‘sublimes:towiolet vapours? 


: ee © Fluotine can oxidize all the Halide ions to molecular halogens. (A reaction will occur-ifithe value of 'E® is positive). 
= = = - = = = : ———o = a AISA: = n } = By O 187; ; “ . ry 
- “A. substance. which ‘upon ‘heating, direcily converis into vapours without passing through ‘liquid phase is called E, +20 —2F E°=2:87N 


sublime'substance.” 2h ——> Cl, +2e, BP ==1.36V. 


5 i fen : ee “171 A « oye hig vin! 
Among halogens F>/and!Cl; are gases al room temperature, ‘Br, .a liquid/and-I; exists as 4 solid: Dueito having 
* weak:intermolecular forces, iodine directly converts intoiviolet-vapours on'heating. 


~ 4+26F — El, +2F Eo =+41.51V 


a 


° lodine being a weak oxidizing agent cannot oxidize chloride or bromide ion. 
Application 


o Inthe similar way, chlorine will oxidize both bromide and iodide ions, while bromine can oxidize only ‘iodideiion, , 


Halogens And Noble Gase 


Cl, + 2Br ——>Br, + 2Cl 


; Why fluorine't 
Br, +21 ——>1, +2Br" Q. Why fluorine has higher 


oxidizing properties? : 


Fluorine-and chlorine can oxidize various coloured dyes to.colourless substances. Colour of litmus. or universal 


indicator can be decolourized when exposed to fluorine or chlorine. When chlorine acts as bleaching agent, it'bchaves ag 


oxidizing agent. 


Hydrogen Halides (HX) 


Hydrogen halides are HF HCI, HBr and'HI 


Preparations 


1. 


-| 2Nal,, +2H,SO 


Direct:combination with: hydrogen . 
Allhalogens react: withihydrogen to form hydrogen halides, e.g., 

Hy +p ———>_ 2HF 

H2 + Cl, ———_ 2H Cl 

H, + Br > 2HBr 

H, +1; ——— 2Hl 

The reaction of molecular. hydrogen and ‘fluorine is very fast'and ‘explosive. 
With chlorine, molecular. hydrogen reacts inthe presence of sunlight. 


Bromine and iodine react-with molecular hydrogen at.a/higher temperature. The reaction with iodine is-very slow.and 
reversible. > ; 


- Direct combination iis:used:as.aipreparative method only. for. HCl andiHBr. 
2, 


‘Reaction oficonc.H,SO, with halides 


Hydrogen fluoride and hydrogen chloride can:also:be obtained by the-action of concentrated sulphuric acid.on 
fluorides and chilorides, but analogous reactions with bromides and iodides result in- partial oxidation of the 
hydrogen halide'to the-free halogen. . : 


2NaCly + H2S@xcconey ———> NarSOigag + ZHCl) 
2NaBriy+-2H;SO j(coney ——?_ Na; SO gio) + Bray) + SO},,) + 2H O/y 


‘4(conc.) 


—— Na S044) +144) + SOx) + 21,05 


It'tums'starch paper: blue, : , 


Q: 


Write'down the'properties of HF. 


Id. Properties:of HF: 


“@) Itis: highly volatile!liquid; having'boiling:pointi19:5°C. 

(ii) HIE attacks:glass and has,found ‘applications ‘as a:non-aqueous solvent: 

(iii) It.can\be iandlediin Teflon. If HF is-absolutcly dry, itvcan be’ stored in,copper or stainless steel! containet 
_+  ‘(keptiunder.vacuum. ~ 1 

(iv). Pure'liquid!HF iis strongly'hydrogen'bonded/andiis'avviscous liquid'butiits viscosity isiless than water. 
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(v) In vapour phase ; H:— bondiis:re 


consi : libri . 
sists of an equilibriumimixture of monomers. and cyclic hexamers. 


6HF—= 


(vi) Chain polymers may als ts unde rt d t C d f HS f 
0.extst r certain cond ions Chains an \rings 0 a are OF various sizes some 
. A 9 

F Sistin the, Vapour, phase as:well. 


(vii) Due to:strong/HF bond, itis aweak:reducing agent: = 


Ce ee My re Seo Hydrogen bond 
— Covalent bond Fe rh 
- face Na nt 
48120", - 
~ eA "p77 
F 
Q. HF is‘less viscous:than water? Justify? : = ERTS 2 


sponsible for HF molecule. Various test results indicate that: gaseous HF 


(HF). - - 


. 


GH The viscosity :of a liquid mainly depends upon the strength of intermolecular forces, the shape and size-of-- 


ves 


two 'H-bonding per molecule are present. Moreover water has\a three dimensional network 


of hydrogen bonds. On:the other hand, in-HF, there is one hyd bond: i 
three dimensionalnetwork ofihydrogen'bonds, i : ip piace oo ee spe 4 


molecules. In water, 


suai Hydrogen bond 
—— Covalent bond . 
eS \ Zn H ee AT ‘Hydrogen bond “ = 
§ . ‘— Covalent bond aedrs oo 


a 


me pa } = F 3 Ns Ye aS 27 i mt 


Hydrogen banding In water 


Conclusion: It shows that'stronger intermolecular forces andilarge three dimensional'structure makes water 
‘more:viscous than'HF. 7 


Q. _ Write down physical properties of hydrogen halides. f ae Se 


Properties of Hydrogen Halides 


(i), HF is.a\colourless volatile liquid whereas ‘other. hydrogen ‘halides\(HCI, HBr, HI),are colourless: gases at 
room temperature. They:give fumes in moist:air. They are:strong irritants. 


(ii) Melting: points, boiling points, heats ofifusion and heats of: vapourization increase regularly from/HGl\to HI. 


~ 


The)HF has much | higher. values for.these properties: due :to|hydrogen' bonding. A: very high boiling point of 2 


hydrogen’ fluoride is ‘a:major evidence ‘of the presence of hydrogen bonding among: its molecules, The 
relative volatility of: HCl, HBr: and: HI! reflects, the strengthening of the van der Waal?s forces due to 
increasing, size of halogens. Since the dipole moment: of molecules decreases from HCI‘ to/HI; probably 
dipole-induced: dipole forces play an important’role-in: the intermolecular. binding of the heavier: HX 
molecules: © . * : 

(iii) The* strength of the hydrogen: halogen: bond is very ‘high in HF. It decreases with increasing: size of the 
halogen atom: ‘The!bond strength is reflected. in: the case: of; dissociation: of hydrogen halides. at‘ ¢levated 


temperatures. reat ata oe 
(iv) “HF, Hl; HBrand/HI act as ‘reducing agents:in the following order:: 
? , HF <:HGIl'< HBr < HI : : : . 
Hydrogen iodide: is a strong reducing agent: In redox reactions, the ‘hydrogenvhalides: are oxidized to. 
elemental halogens. ¢.. - aa SHS. 
give hydrofluoric, hydrochloric; ‘hydrobromic and hydroiodic acids. 


v Z drogen halides owls 7 pie 
(yy) Int watery hy ctOE due.to'limited ionization. The other three acids'arc very strong‘acids: 


Hydrofluoric acidiis a.weakiacid 


HF+H0 === 'H)0' +F 


96 


»’ acidiis directly proportionalito its proton:(I1’) releasing power. 


HCI+H;0 === H;0°+CF 


The strength of acids increases in\the order. a 
HF < HELSTBr SE 


on re ae, 


aes ae perth: 
: bee po Bea aa] aos property Ve eee 


mes Seal [ 


In water, aa ‘halides: give waters hydrochiloric, hydrobromic andihydroiodic avids, F lydrofluorie acid 
is aiweak acid'due:to:limited!ionization. The other-three acids-are very strong, acids. 


HF+H,30 = OM +E 
HCl + H30 === H0" + EI 
_ The strength ofiacids increases\in the order of: j 
HF < HCl <:HBr <TH 
HF is the weakestacid and/Hliis:the Strongest ‘acid. 


7b 


) Why, HF iis weaker acid) than} HEI? 


HF is.a.weaker acid than \HCl c 
A substance which has a:tendency to:give proton: ((H"):insan aqueous solution is called acid. The) strengihyofian 


In HF strong hydrogen \bonding is: present and partially positive hydrogen is entrapped between} two! strong 
electronegative fluorine‘atoms. 


Consequently. itibecomes difficultifor. proton) tobe ionized \iniwater which 
makes it:weak acid: 


On the other hand in HCl dipole-dipole. interaction is present which i is 
weaker. than|lydrogeaibonding. Therefore |proton'(H’) releasing power of 
HGlis:more which makes it strong acid. 


ot & . 8 : 
cnr (Cosine H—Cl Lise 


‘Hydrogen halides act-as'reducing agents. Justify? 


“H=€l “acta, meee _ ae 


Hydrogen)|halides‘asireducing agents 
HE, HGl; HBr andiHl'act.as: reducing agents, inthe following order: 
HF <'HGl'<:HBr HI 
Hiyaioien iodide 4s\a\strong-reducing agent. In) Been reactions, the/hydrogen: halides are oxidized to elementiall 


halogens..e.g. 


2HI +$ 


{5 +/H3S - = 


. =e 
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ae OxidesofHt lalogens 
The compounds which contain oxygen 
halogens.” 
The halogens do-sot react directly 
group VIIA. clements neve been made: 


and halogens chemically combined together. are called exides of 


with oxygen. With the help of some indirect methods, following oxides of 


Gaides of Halogen 


ae 


Bromine trioxide, 
BrO,; ,(‘Br,O,) 


Trioxygen Difluoride (©3F.) 


Preparation: This oxide can be prepared when‘a mixture ofifluorine and'oxygeniis subjected to} eectia discharge. 
: 2F) +303 > 203F, 
Colour variation: At 363°C, itiis a‘dark red viscous liquid butiturns'to: reddish brown, solidiat 350°@: = 


Decomposition: On decomposition, itigives oxygen and other. oxide of fluorine. ‘ 
¥ 203;F, > 20iF2 +0, : 
Reaction withiF,: ©3Fyreacts;withiF,)in the}presence ofielectric,discharge to;produce:@3F. 


I03F; +k; ——> 3O3F; 


Structure of OF, and'O;F,: 


Structures.of OF, and O:F, 


Q.5 (a)|Discuss the.oxides of chlorine. 


OxidescofChiorine 
The oxides ofichlorine are:generally unstable. 

® Itis not\possible:to synthesize:them' by direct.combination.ofithe’elements Glz‘and'O>. 

They have.extensive industrial'use as 

(i) comimercialibleaching,agents for wood, paper-pulp . ; 

(ii), for water-treatment: Lm, 


1. Chlorine Dioxide Ele: 


Preparations ; piper ige 
(i) It is prepared iby reducing NaClO; with NaGl or. SQ; or'GH3OH in strongly acidic solution. 


2C10; +2€1 +4H* —— > 2C10,+Cl, +2H,0 


Gi) ClO; can also be prepared) by the-action of concentrated HSO«: on'KG1Q}. Thisireaction\is violent. To:contro}; ithe 


reaction, oxalic:acid should'be added. 
2KCIO,; +H,C,0, +H,SO, ——> K,SO, + 2H, 0+2C0, +2€10, 


Uses: It:is used'as: 

(i)'an antiseptic. 

(ii):for. purification \of' water. 
(iii) to! bleach cellulose material. 


Properties 

o Itis:aipale.yellow gas: 

ClO; explodes‘into.Cl,.and ©; on warming. - 

© Itis:soluble in water.andlis stable ‘in\dark. 

It decomposes'slowly in‘H;O to HCI and/HCIO3. 
o = It/is‘aparamagnetic substance. 


° 


oO 


2.Ghloring © * © i! 7 3). , 
chloric acid'(HCIO,). 
Preparation 
Itican\be obtained /at--10°C by dehydration of HCO, with P;Os. 
2HCIOs +: P30; "=> C1,O; + ZHPO; 


@xidesior Bromine : 
Oxides ofibromine are dark volatile'liquids with low, thermalistability. 
Bromine Monoxide (Br20) 


Preparation 
(i) It:can\be prepared'by the:reaction ofibromine vapours with) imercuric oxide. 

Hg0'+ 2Br—“S > HeBr + Br,O 
(ii) Br3O.can also’be prepared by treating the Suspension of'mercuric oxidejin CCl, with'bromine. 
Properties 
© Itisstable in:darksin'GCl,,at—20°C, 
e It/has oxidizing.properties: 


~ Out of allithe oxides of iodine only iodine:pentoxide 10s is \important. The! other. compounds, BOs an 14Oojare 
saltilike and /are ‘consideredias\iodine-iodates. 


lodine Pentoxide: (1205) Bee 2 


Preparation ps 5 
It\can'be'preparediby: hieating:iodic acid/at'240°C. 

2HIO; “<-> 1,0; +1H;0 
Properties : 
° It-is a\white crystalline solid, sable up'to:300°C. 
© It!has:a:polymeric’structure. 
e ‘It:is'insoluble!in\organic solvents: 
© It formssiodic.acid\with water. 505-+H;9—==> 2HIO; 
© tireacts with/H3S;/HGl'and!CO and/acts as an ‘oxidizing agent: a bi 2 
Use: It'is used forthe quantitative analysis/of\CO. Z 
SEO + LO; ——> T, + SEO; 
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q:5.(b). What.are dispr roportionation: reactions? Explain your answer with an Sanne 
Disproportionationine iontReaction 
“A reaction in whi 

ich a species (molecule, atom or ion) is simultaneously oxidized and reduced is called 


disproportionation reaction”, 
Example: 


~ Reduction 


GNaOH,, F301, => NaCl, +NaClO; +30 


faq) 3(3q)? 


Oxidation 
This'reaction ; 
is a:disproportionation feaction|because the:zero oxidation state ofichlorijne atom: in Gls is converted 


to —I in chloride and +5 inichlorate, 


Reactions of chlorine with cold‘and:'hot‘NaOH 
(i) In:cold{(15°C) state, chlorine willireactwith NaOHito form\hypochlorite:and‘a‘halide. 
PNGOH pF Clyy—F—> NaCl + NACI ay + HHO ng =) 
‘Sod. hypochlorite 


The reaction is a disproportionation re: 
action, because the zero oxidation(state ofichl 
to—1 in:chlorideand +1 in\hypochlorite. See eer as: 


(ii), , Sodium hypoclilorite which is produced in cold state.inithe ab 
he hisses above reaction deconiposes forming. sodium chloride 


3NaC1O {aq > NaC lay + NaCIO yay wb) 


The reaction (b). involves the: disproportionation. of h 
ypochiorite ion. Lo balan 
multiply equation (a) with 3:and then add (a) and/(b). Sep ee 


6NaOH+3€l, —>3NaCl+3NaClO+3H;0 : 
..3NaClO—> 2NaCl+ NaGlo, mee > 
6NaOH,,,) +3Cl;,,) —¥SNaCl,.y +NaClOj,, #3H;O 


e both reduced ‘and oxidized! 


2(8) 
Thejabove two:reactions (a) and|(b) show:that chlorine atc 


The}halogens containing. acids of oxygen are called oxyacids, 
° No‘oxygenicontainingistable acid/of'fluorine'is known (HOF is prepared recently, butiitiis' highly, jimstabley 
° Other halogens (Cl, Br, I) form oxyacids which cannot be isolated in pure form and are stable only. in) aqueous 
Solutions or inthe formiofitheir salts. _ os 


Q6 Discuss the system of nomenclature used for, oxyacids of halogen. Supportiyour.answer.with examples. 


CC _ 


ans: Nomenclature of oxyacidsiand| theirsalts 
~ A system of nomenclature for these acids and their. salts is based’on:the oxidation sfate of the halogen atom. 
According to this system, characteristic prefixes and suffixes are attached! to'a stem that is derived!from: the: 
name of the central non-metal (halogen) atom. The system is‘as follows: 
(i) Anvacid inwhich the oxidation state of parent: atom (halogen) is 11 is\called!hypo-—-ous acid! andlits salt'is 
called'hypo-—ite. e.g. HClO (Hypochlorous: acid) , NaGlO (Sodium hypochlorite) etc. 


. (ii) © Arvacidsin which the oxidation state of parentatom (halogen) :is +3 is called'-----ous acid andiits salt‘is 


called --- ite. e.g. H€IO, (Chlorous acid) , NaGlO, (Sodium chlorite) etc. 
(fii) Anacid in:which-the oxidation state of parent-atom (halogen) is +5 is called ----- ic acid and its salt‘is called 
---- ate e.g. HGIO, (Ctiloric acid), NaGlO, (Sodium chlorate) etc. 
(iv) Anvacidiin‘which the oxidation state of parent atomiis +7 is.called pe 
ate. e.g. HClO, (Perchloric acid)., NaClO, (Sodium perchlorate) etc. 


f---- ic acidiand its salt is callediper---. 


(v) The root ofthe name of acidior salt indicates the parent-name. 
Oxyacids of/Halogens 


22) Generallnames| 


"Hypohalous.acid _ 


Halic acid 


|__| flo, nto, Perhalie acid] 


(i) Acidic strength of oxyacids 

The ‘acidic strength increases with the incre 
halogen increases, the bonding electrons: are shifted away 
proton increases. This accounts for thie change of strength 
the order. given'below: . 


ase in the number of oxygen atom. As the oxidation state of the 
from the H-atom and the tendency for the molecule to lose:a 
of oxyacids, The oxyacids of halogens show their strengthiin 


HXO;>'HXO;>'HXO;>HXO 
(ii) Thermal stability 
Thermal stability of oxyacids molecules increase by increasing the number of oxygen atoms. Perchiloric acid 
HGIOj\is:more stable'than| HC1Oihypochlorous acid. Kos : 4 
(iii) Oxidizing,power of oxyacids 
Oxidizing strength of oxyacids decreases by increasing oxidation number. HCIO and HGIO,-are good oxidizing 
agents. Oxidizing strengthiis given inithe following: order. 
: HCIO> HCIO;>HGIO; > HClO, - 
(iv) Polarity. : 5 . 
‘In oxyacids the halogens: serves'as a central atom to which one or more oxygen atoms are covalently, bonded: 


. 


These bonds are’ polar:inicharacters:due 'to\the electronegativity difference betweenthalogen andioxygen. 


(v)\Relative:strength of oxyacids of different halogens an 
The oxyacids of chlorine are stronger than the corresponding oxyacids of bromine which, are, in turn, stronger 
than the corresponding oxyacids of iodine. It is due-to:decrease in the electronegalivity and inerease in the size ofthe 


halogen. : 
chloric Acid (HClO, 
Preparation Rats ' - 
Perchiloric acid (HEIO,)-isicommonly obtained in\aqueous solution. Pure anhydrous compound can be prep 
by distilling a:mixture'ofiperchlorate(KC101):andicone. H3S@yunder: reduced pressure,” 
KC1O\y) + H:SOsese) ena pase > NUSO\s) + CIO, 


ared 


yy 
' 


Properties - 
1. Perchloric.acidiis.a colourless, hygroscopic liquid. 
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* ‘They are interconnected and, provided withistirrers, 


2 Atinor malipressure. it freezes at —1']2' Cc and boil 
2 ! i 
rf 1 : dite ~- ~ . OS with decomposition at-90 C a 
3 Perchlor 1c acid 1S strongest Ofiallithe acid S:IN-an aqueous medium . 


130+ HCIO. ——— 1,0" + C10; 


4. Pure perchloric-acid decomposes e: 
water, 

5. _ Perchiloric acid 'reacts.with org 

HGIO,.as an oxidizing.agent 

ae In the cold and dilute state perchloric acid is 

oxidizing power ts:enhanced. Dissolving power-of per 

oxidizing clfect, acidic strength.and solubility : 


x jlo: . - * * * To oe" Fe . 
Plosively whien cated, That-is why it is ‘stored and used .as 67% solution in 
anic substances violently. 

a very weak oxidizing agent but when hot and: concentrated its 


ne chloric acid is enhanced due to its-oxidizing strength: Due:to its 
obits salts. itis considered as:a.valuable analytical'reagent. 


red commercially?.Giveiits. uses. 


ant 


The chemical name of bl i want ye fo) - 
leaching owder 1S:C. i ! i i i F 
strong, smell of chlo it 5 p alcium hypochlorite chloride. It 18/2.y! i} wish white owder with 


Preparation 


"B@aghing powder. can be manufactured by the action of chlorine:on 
dry slaked'lime using any one.of'the following.methods: 


BJades + Stirrers is called 
rotating:shaft.. 


Slaked lime 


(a) Hasenclever’s method (old incthod), a 

()) Beckmann’s method (modernimethod), : ] 
or . rete: eS . eine ; Cast hi iron 2 im | 
lhe reaction in\both the cases willibe: cyincerss SS 


Ca(OH), +Cl, —>€a(OGCICl+H;0 
Slaked lime Bleaching! powder 


(a)\Hasenclever’s:\Method 


e¢ ‘The apparatus used in this method consists of 4\to'8)iron\cylinders placed - 
one above'the other-horizontally. ; 


© ‘the slaked lime. is:added in through :a/hopper in:the upper. cylinder andiis 
transported from.one cylinder tothe other-with rotating stirrers. 


'Hasenclever's!Method 
® Chlorine introduced \into\the lowest:cylinder rises\up/andireacts with slaked ; 


Slaked lime with 
conipressed air 


lime'to form beaching. powder, whichis collected through) the outlet in the 5 , 
lowesticylinder. : , mo : Mower 
(b)iBeckmann’s' Method : tines # ! 
© In'tliis:methodiaicastsiron' tower. witl’ eight:horizontal shelves is used. 
® Incachishelfitheretis a'rotating: rake. Rake 
® ‘Powdered 'slaked lime is.introduced through hopper: at the top with compressed = 


air. , z 
°  A:mixture-offhovairand clilorine are'intraduced from the base ofithe tower. 
° The slaked|lime is;pushed down'by the rotating rakes\while chlorine risesiup. 
®* Reaction between slaked lime and(chlorine|produces bleaching powder whichis _ 
collected atitlie!bottom.ofithe tower. : = 
The/apparatus works-on:the.counter-current principle (in:this principle reacting. SY ple 
substances move in, opposite directions andiintermix together). Leet] 


¢_ Chlorine: 
| 
} 
i 


[ q— tha an 


Beckmann’s:Method 
is:brought aboutwith very little loss oftchlorine. 


© Thus. maximum reaction of'slaked llime'and chlorine ugl thy 
ht containers to:avoid the loss of'chlorine. 


* Bleaching: powder should:always'be packediin air tig 


What is a counter — current principle? 
Ans: The opposite flow of.two adjacent fluids,that can maximize the transfer rate i 


Q.9 What happens when bleaching. powder-reactsiwith the following reagents dil.H,SO,, excess of.conc. H:SO 5 


NH, ,Hl.and CO,. 
Chemical properties — 
1. As‘an oxidizing agent 

It is an oxidizing agent. This property-is due to tlie. generation of hypochlorite’i ion (OCI yi inwater, 


CaCl, BeSCEEN oF ta +€) +ClO7 


Salts that: contain more | 


than one acid radical or 

. basic radical are called as 
3. Available chlorine | mixedisalts: 

Iftexcess of an’acid (weak or stroni\i is added to bleaching powder, chlorine is Bleaching powder, cael, 

. ‘ isa mixed salt:since though 

givenout. —_- : . it contains only one cation 

€aOCl, +H, SO, ——€aSO, +H ,0+El, t (Ga”’), it also contains two 

* (excess) . anions Gl’ and OCI’. 

The amount of chlorine thus set free is called d“available chlorine”. : 

‘The activity of: bleaching powder is-measured in terms: of available clilorine. The 

average percentage of available. chlorine in bleaching powder is 35-40 percent. The 

bleaching.action of' bleaching, powder is dus to its oxidative character. 


2. Reaction with dilute acid 
With dilute acid it gives hypochlorous acid. 
2€aOCl, + dil: H, 380, —>-€aSO, + €aCl, + 2HCIO 


MCQ's 
Which of the following ‘is 
not:a property: ofibleaching 


a 4.-Reaction with’ hydrogen halide ig 
It oxidizes HC], HBrand’HI giving the corresponding: falogens rie seat 
- CaOCl, + 2HCl=—7En€l, +H,0+Cl, (b) Oxidizing agent 


(c) Reducing agent 


5. Reaction:with ammonia 
iC) Bleaching agent 


It oxidizes:ammonia to nitrogen. 
nt 3CaOCl, +2NH, ——>3€aCl, +3H; O+N, 


6. Reaction with: GO: 
Calcitimhypochlorite reacts withicarbon dioxide to: form:calcium carbonate and release chlorine. 


{ 


ae . CA98h + €O,— €alO; + Gl 
Uses a0 £ MCQ's : 
' Bleaching: powder i is used: G Bleaching. . action of . 
_ i, for.the preparation ofiCl; and'Q). Iti is also:used|in: the manufacture of; chloroform: bleaching-powder,is due to 
~(CHEI3). {a):cM ton 
(1) as a‘disinfectant and for the sterilization of water. (b).OGI ion 


- (c)‘Chlorate ion 
(d) Perchlorate ion 


(iii), for. making,unshrinkable wool. 
(iii) | to bleach cotton, linen and paper pulp. (Delicated’ fabrics like. wool, silk ete. 
: cannot: be}bleached with it because they .could'be damaged by chlorine). 


Con mencia uses 
1; Fluotineiand)itsicol 
Fluorine is.used to, prepare: 
(i) ‘Freonsis the. commercial:name of'low raclecnian mass fluorochlorocarbons,.CClF2, CCIF3. 


as refrigerants and‘aerosol) propellants. 


These are being used: 


Scholar's CHEMISTRY — XiI(Subj ective) 


(ii) Teflon {-CF::CF, sn which i is 


A . 
resists the action of oxi tianits ai polymerized tetrafluoro ethylene com 


ids and‘alkalies, Itiis used: 
© to made corrosion:proof, ‘parts ofimachinery, j 
° for coating:the electrical. wiring, © r 
@ _as.anon-stick coating. for cooking pans 
(iii) Halothane whichis used as an anesthetic, 
(iv) Fluorides which are usediin tooth 


pounds, It is-a valuablo plastic which 


ct : 
CF,-CH-Br 
5 ot Halothane 


pastes to build aiprotective coating on teeth. 


2G AGhloxinelandlitsicompounds 


@ Chlorine is used‘in the manufacture of: 
o bleaching powder. ' Aa 
° _antiseptics, insecticides, weedkillers and'herbicides. . 

hydrochloric acid, whichis the cheapestiindustrial acid 

° polyvinyl chloride (PVG) plastics. 

° chloroform and’ earbon! rrachloride which are used; as s solvents 


° 


toe, 


Tincture of iodine. 
i etlylene Bibromiite (GHiBry a.disinfectant, is a) solution 
2) which is-added to leaded) iste to'save ‘the ‘ontains 
-usuall = 
engine from lead ‘oxide and'lead sulphate deposits. clement iain see 


i ° silty bromide (AgBr) which is used'in Photography. with potassium -  —jodideor. 
(ii) Bromine is also used as fungicide. sodium: iodide, dissolvediin.a 


his llodinevar fandlitsicompounds ‘mixture of ethanol and.water.., . 


The'major applications of-iodine‘are in. piianmaceutical indstty: 
» @) Itis used‘as disinfectant:and'germicide: . 
(ii) Tincture of iodine andiiodex.are popular, preparations ofi iodine. : 


(iii) Diet.with insufficient iodide ions'leads to an enlar, 
‘gement‘ofithe thyroid (Goiter). To:ensure the i 
ion inthe diet, sodium or:potassium iodide is 2 to the common salt-which is known’as ee ese oh bales 


a ‘Bromine’ is used im ‘the areparition of, 


ry 


Q.13 (i) What is lodized salt? 


MH  lodized salt: 

“When common:salt (NaCl), contains 0:02% KI by weight, itis called iodized salt’: 
© Sodiumiiodide can also\be used'in. common salt:to get'iodized:salt. i 
© Dietiwith:insufficient:iodide‘ions'leads to an enlargement of “thyroid”. (Goiter): eae : 
° To-ensure the presence of iodide ions in the diet, iodized.table salt'is.used-to, preventigoiter. ; oun 


Q13 (li) What are'Freons and Teflon? ” ie Stee See 


Freon: 


“Freoniis the commercialiname of low miolecular.mass! ‘Fluorochlorocarbons. D 
iF 2 ; 7 
yen ~ 
: Cl=C=F Jah Cl=C=F 
=i) : l = 
Cl F . 
Dichlorodifluoromethane Chlorotrifiucrometians 
‘ Uses: 5 


Freons are’ being used as refrigerants and aerosol propellants. 


eB 
Teflon: ; - X rail 
“It js a polymerized tetra-flucrocthylene compound”. C-C 
Fluorine is used ito prepare Teflon. u 4 
Uses: Teflon 


; ists tlic acti jdants, acids and alkalies. 
(i) tis. avaluable plastic which resists'tlic action of oxidants, acids and alk 


(ii) Corrosion proof parts of machinery are made of it. 
(iii) It is used'for coating the electrical wiring. 


(iv) It is.used as ainon-stick coating-for cooking pans. 


Q.13 (vi) Which'halogen is used as an antiseptic? 


Both chilorine and'bromine are used as antiscpttc. 


@.13 (vii) Which halogen is used in water treatment to kill-bacteria? 


Chlorine. 


Introduction 
e © The‘clements helium (He), neon (Ne), argon (Ar), kry 
‘group or group VIIA: of the periodic table. 
» ‘All the elements of this. group are colourless and odourless mono 
These are calledinoble. gases or sometime known as rare gases. st. 
Electronic Configurations and Physical Properties of No 


li 


pton (Kr), xenon (Xe) and radon (Rn) are: placed:in|the-zero 


atomic gases which, can be liqueficd| and| solidified, 


Tonization energy 
(KJmo!") 


"Water solubility 
(mi/lit) at_ 20°C 
Heat of-vapourization 
i 
Occurrence 
~ “ini i ¥ ; The ases are’l \froma 
The noble gases decur as minor constituents ofthe atmosphere (about 1%). The noble gases are iso ae ‘ea 
* either by fractional distillation or by some eligmical method) The principal commercial source of.Ne, Ar, .Krand: a 
, i jase joacti f hehe aim elemen 
Helium: tt is.present on earth as a:résult of radioactive decay. After hydrogen, tt.1s the second most abundant Ces 
“the universe: a= particles are doubly ionized helium atoms He’’. It is simple and economical to isotale the'he 


from certain natural gases by liquefaction method. 


it, 


: one 6 ahve P E - . = {ube, neon 

- tie 1765000" part of: the atmosphere and it is also isolated during liquefaction of air. Ina discharge Ww 4 

Neon: it is 1/65000" p P glu : : ont): Lig 
glows. reddish: (of all the noble gases, the discharge of neon is the most intense at Ordinary voltage andicurrent)- 

neon has over. 40 times:more-refrigeration capacity than liquid:helium. 


Scholar's CHEMISTRY — xq (Subjective). 


Argon: It isa colourless and‘odourless g 


4S, Tis very inert and nouk é 
obtained as a by-product during thie liquefaction of ae ee 


Krypton: Traces of krypton z esenttintasn iti 
e ve billiastcareen Ray ae ee 4 a is a-colourless. odourless and fairly expensive gas. It\is characterized 
oe eal Ee nes. "MS compound, krypton difluoride (KrF3);can be prepared’ by various 


Xenon: It is present in the almosphere to. 
fractional liquefaction of air, Xenon is avail 
with water. However it is slightly 


y true chemical'compounds. Itiis 


a very small extent (0.08 ppm). It is obtained! as.a by-product. during: the. 
vai able commersially in cylinders athigh pressure. Itreacts with fluorine but not 

| Soluble MWater to the extent of about 1:1 O:mM/lit'at 20°C. 
Radon: It is the a-decay product ofthe radium, Radon is 


be obtained as a by-product tropp the’ liquefaction of 
needed can be collected fron the radioactive dee 


Nis presentito avery small'extent:in'the atmosphere; and it'could 
MW ili, However, the small quantities. of this gas which are usually 
Ay of radium isotopes. 

; ; Ra —> Rit He 
Physical properties: 

(i) The noble gases hive valenee shells whieh 


; are vlosed vetets (exce ). Due ett obi eet. 
energy values are very high. SS) (except He), Due to closed shells their ionization 


(ii) hey have low boiling points. The boiling point of helium is the lowest of 
points increase with inereasing atomic number down the group, — 

The very low values of melting ; 

forces of atiiaction between thei 

be of the van der Waals type. 


any known substance, Their boiling 


and! boiling points und low: heats of vaporization show that noble ‘gases have weak 
ratoms. As there are-no ordinary electron pair interactions, these weak forces must 


{iy) The solubility ofthe noble gases in. water increases with inerea 


. x sing atomic number, ‘This is because the: bigger atoms 
are: more readily polarized by water molecules. ) Hn ngge: : 


Qa What.are.noble gases? Explain their inertness on the basis of their electronic configuration. See! 


Ans 


The elements helium (He), neon (Ne), argon (Ar),-krypton (Kr), xenon (Xv) andiradon:(Rn) are,placed\in the zero 
group or group VINA of the periodic table, All the, elements of this group.are colourless. and: odourless 

- mMonoatomic gases which can be liquefied and solidified. ‘Tesc-are called’ noble gases. or sometime known as 
rare gases. The-noble gases:have valence shells which are closed octets (except He), Duc to closed’ shells their 
ionization energy valites are very high. That’s why noble gases‘are inert. — 


Xenon reacts directly with fluorine only. The known oxidation state of Xe iniits compounds range from +2:to:+8; 
These compounds are stable and can be obtained in {large quantities: Some important:compounds of Xe are as:follows: 


Compoundsiof'‘Xenon 


os ¥ nt 

po Xe, |] Colourless crystals, 

fo Xe] Colourless crystals | ; 
‘| = IL XeOR_[: i aes 

a =XtOs= | 


i na 
(A) Fluorides of Xenon 
. Three known fluorides of Xenon are: 
(i) XeF, (Xenondifluoride) ; 


Preparation p ere : ae 
It can be prepared by direct-interaction of the ¢lements. The compounds formed should|be removediimmediately 


from the reaction zone, otherwise: further reaction with F2 will give XeF.. 


|, -3919(Explodes onwarming)| 


The reaction is completed in-about 8 hours. 
Xe +F, ——>XeF, 
Properties 
a XeF) is a crystalline solid. 
© = It-is stored-in nickel vessels. 
o XeF isa mild Muorinating agent: 
(ii) XeF, (Xenon tetrafluoride) 
Preparation a 
jt can be prepared by heating a thixture of Xe and F, in 1:5 ratio in a nickel container under 6 atmospheric 


pressure for a:few hours. It can'be stored in:nickel vessels. 
Xe+F, ——>XeF, 


XeF, +F, ——>XeF, 
Properties : . ; nr 
Its properties are similar to that XeF2 but itis a-strong fluorinating agent. 
(iii) XeF, (Xenon hexafluoride) : 


Preparation . 
It requires more-severe conditions. Xe and!F,:are:takeniin 3:20: ratio in-a'stuinless steclivessel and'licated to,300°C : 


at50:atmospheric pressure. More than:95% conversion to XeFetakes place. 
Xe+F, —>XeF, 


XeF, +F, ——>XeF, 
XeF, + F, ——>XcF, 


Properties 
© XeFgisacrystallirie-solid, - 
© [tis coloulress in:the solid state but.yellow in'liquid and gaseous forms: 
GhemicaliReactions of Fluorides of Xenon 
m()) Fluorides:of:xenon can|be reduced withihydrogen at'400°C, giving xenon andhydrofluoric:acid: 
XeF, + H,——>Xe + 2HF 
XeF, +2H, ——>Xe+ 4HF 
; Saleem: “XeF, + 3H, —>Xe+ 6HF- 
((1)) Xenon tetra-fluoride is a:good fluorinating agent:and canbe used to, prepare metal fluorides as follows. 
XeF, + 2Hg —> Xe + 2H gk, 


(iii), Reaction:occurs with explosion when XeFyjis broughtiin:contact:with liquid ammonia: : = 
3XeR, +4NH, > 3xXe + 12HF+2N, 


(iv), Hydrolysis of XeF«-with:small'amount of'water-gives XeOF,. te, 
“XeF, + HO —>XeOF, + 2HF = nae 


"Write notesion the followings. 


(i) Oxyfluorides of xenon. _ 
Xenon-Oxyfluorides —- —= 
Preparation — : ari; 
Xenon oxytetrafluoride, XcOF4: isiformed by a'rapidireaction of XeFs with'silica:(quartz). 
2XeF, + SiO, ——>2XeOF, + SIF, 


Properties 
© XeOF,jis.a/colourless:volatile liquid. aig ; my 
e Itican‘be'keptiininickel vessel. : 7 


Chapter 5'(The Halogens ‘And Noble Gases) Ng 
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= a 


2 It reactsiwjthiwater to give XeO, 
Xenon oxydifluoride (XeOF,) ee. eH, 
"e' Xenon oxydifluoride XcOF Fi ai 
a (XcOF Fis obtained when xenon reacts with oxygen difluoride in an.electric discharge 
ree Xe-+F,O—>: ; 
dxides of Xenon 7 ise 
There are two oxides of xenon: < | 
‘i) Xenon trioxide. 8) 
(ii) Xenon tetraoxide, 
1. Xenon Trioxide (XeQ,) 
Preparation 
“Xenon trioxide-canjbe obtained when XeF, is hydrolyscd'slowly 
ek. aa / » ; 7 
scat c 5 + 31,0 —+XeO, +6HF 
© itis a crystalline solid, 
° > explodes atyery low temperature 
© ‘Itis weakly avidic and its a ‘olution i 
. queous solution is almostinon.c 
2. Xenon Tetraoxide (XeO,) a aea te 
[tis obtained) by the addition of barium or sodium perxenate to conc:thSO, 
. Ba,XeO, +2H,SO,-—»XeO,+2BaSO,+2H;0, - = 


Na;XeO, + 2H:SO, —»>XeO, + 2Na;SO,+2H;O - 


Q.12 (ii) Write down the applications of noble pases 


Applicationsiofithe'l 


Helium 
® It is used inweather balloons, iniwelding and in traf fic:signal light 
° <ture of? i , 
: es iste of 80% helium and 20% oxygeniis used for. breathing: by: the'sea‘divers 
Ttis.used as.a cooling medium fornuclear reactors; 
Neon 
2 {tis largely usediin making.neon advertising signs, inhi wall 
y used rising sizns, inhigh voltage indicators% ) : 
®, Neon and heliumiare-is. usediin making glass lasers. : eee 
‘Argon 
‘© [tissused in electric'light/bulbs, inifluorésc inradio tubes and it 
a in! entitubes, in: fin'Gei ‘to dete 
eatin , inradio tubes and!in'Gciger counters'(used'to detect 
Ob Itisialso used for-arc welding. and cutting. 
Krypton ; 
: lt is used to fill fluorescent tubes and ‘in'flash lamps for high speed photography. 
Xenon ise 
It-isused in bactericidal!lamps. 
Radon. 4 i : 
Radon being. radioactive:is;used in radiotherapy’ for.cancer,.and'for.carth, quake: prediction: i 


ction. 


———— 
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Chapter 5 (The: Halogens And Noble ics 


in-the following sets, arrange the substances in order of the property indicated. Give reasons. 


(a) ncreasing acidic character 
HClO, HClO; , HCIO; , BELO) 
(b) inreasing oxidizing. power 


Ch, Bri. 1° 
Arrange and ers reasons: 
(a) Increasing acidic character. 


Reason: 

The strength.of oxy acids of Halogens increases with increase in Number of oxygeniatoms. As:the oxidation state 
of tialogen atom inioxyacids increases, the bonding:electrons are shifled away from hydrogen: atom and tendeney 
ofimolecules to lose: proton:increases. This: account for increasing, the strength of oxy-acids. ° : 


: 


| 
H-9-Cl- 
os ve a | 


© Perchloric acid 


10) 
’ Thus increasing order of acidic strength of oxy-acids is 
HClO <HCIO,<‘HCIO; <HCIO, 
(b) | Increasing oxidizing: power 
Reason: ‘ 
The oxidizing power of halogens depends upon following core 
(i) Energy of dissociation 
(ii) ~~ Electron affinity:ofatoms 
(iii) Hydration: Energy oftions 
(iv) “Heat: of vapourization (for Br. and'l2) 


have high oxidizing: power. 
Thus, the order of increasing oxidizing ‘power of halogens:i is 
I, < Bn < Gh < F, 


KEY POINTS ere 


The halogens are very reactive. Intermolecular forces injhalogens increase down the group, fluorine i is ay Gest 
iodine is solid. 
They form ionic compounds apihe s:blocks: metals, covalent compounds with p:block elements and complex! ions 
with d-blocks: metals. Fluorides:areiusually ionic. : 
They’show oxidation:state —1, ++ 1. +3, +5, +7 but fluorine:shows:the: oxidation state or I a: 
\ Oxidizing, ‘power. ofihalogens « decreases’ down:the:group:in the following, order 

F2>Ch> Bh > bb 
‘Reducingipower ofihalide‘ions:decreases fromil7 ‘to'\Br . Chloride:and fluorid@ions are not: reductants. 
Ehlorine, bromine and ‘iodine form:their-respective oxides:and oxyacids: 
Halogens: and their. compounds are'used'for bleaching, refrigeration and as‘acrosois, ete. : : a 
Noble gases are placed'in-zero (VILA); group ofiperiodic-table. - 
They have valence’shells which:are’closed octets (except helium), 
Very low values of melting and ' boiling, points show. that there have very)weak forces of attraction’ between: itheit 
atoms. 
Oxides, fluorides and: oxyfluorides of:xenonicanibe: -prépared, 
‘Noble gases have multidimensionaliuses. = 


SOLVED OBJECTIVE EXERCISE 
Filllin:the blanks, 


(i) The halogen: with the highest eléctronegativity’ , eee 
(i) His agent: 
(ili) ~=The only hale halogen‘acid whichis not a.strong.acid is 


e 


ry 


“[fhalogenihas:low cnergy ofidissociation, aihigh electron: aint andiai jignee hydration energy of its/ions, -itwill 
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(iv) Vineture 
0 
(v),  Phetlsify ern isa common antiseptic, 
(vi) Bleaching: Hh the lowest: melting and) boiling 
(i) 5'Powder is prepared: from | RUS 
— .. Sthehaloee -— ind 
vee - gen which 
(viii) is causes burns on. the skin 
f2 x D Tee oF 
(ix) A ae usedifor. Making unshrinkable Wool. nsec Healsiowy. 
f and 
(X) Noble» ; — . iS used for breathi 
WS usediio : eathing by the seaidivers 
Answenikev. iil Nuoreseent luhesiis : Bs 


Indicate True. or false, 


(i) 
(i) 
(ut) 
(iv) 
(V) 


(vi) 
(vil) 
(vill) 
(ix) 
(x) 


Answer Key, 


Q3. Multiple Choice Questions. Encirele the correct answer. 


(i) 
(ii) 


~ (iii) 
(iv) 
(v) 


(vi) 


(Vii) 
(viii) 


(ix) 


(x) 


TH is Used itor Ctehing wl 


His weaker reduieiity AgeML as comparedtolf lp? 
Bleachingipoieder is Completely solublein water, 
Che turmula at perchloric acidiis HELO. : 
Onsvarming. ‘dgueous KOC I disproportion, ates as follow 
IKOCI > AKRCI KEIO; — 
(-pirticles emitted by radiondtive cle 
Radon isthe only one of the noble wa 
The mtoleeules ofthe noble guses 
Argon is usedito fill electric bulbs. 
The noblevas Whigh is presenvin the largest-umount in 


iss, 


Meats awe tons. of radon. 
ses thatis-radioactive, 
are all monoatonic¢ 


atmosphere is'Krypton 


(iii) elie! liv) false Te] (w). Hoo Tine | 
ET oy 


aie ofthe: following: hydrogen halides the weakestiacidjin:solition? 
“(b) HBr fe  ayitien: 
‘Chlorine/heptuoxide (E105) reactsavith; water-to'form: © a : 

(a) TI ypochlorous acid (b).Chlorie avid 

(vc) Perehloric acid ’ (dc hlorine and/oxyzen 
Hydrogen'bondiis the strangestibetween the molecules: of: 


(a) OF (b) He! (ce) — HBr Wd) 
Which halogen will react spontancously with Au) to produce Au? 

(a))Bro (b) Fy (ce) (d)'Ch. 
The anhydride‘of {ClO sis: o rs 
(a): ClO: (b).C1O; (c) C10. “(dy Cho: 


Bleaching powder: maybe produced'by passing chlorine over: 
(a) cajeramn carbonate aie (b) hydrated calcium’ sulphate 
(c) anhydrous calcium sulphate: (d) calcium hy droxide 
(¢) maynesiunihydronide. 
> Which halogen ‘occurs naturallyin'; positive’ oxidulion:state? 


(a) Flitorine— (b)'Chlorine (c) Bromine (d) lodine: 
Which is‘the'strongest acid? : ; 
(aC (hy:GIO: (c) HClO: (d): HCI, 


Aniclement that has! hight “onization enerpy anditends toibe chemically inactive: wouldiniostilikely 


tobe: 
(a) analkali Fcll (b) aitransition clement (c)a anebIe vas ‘(d) xhalowen 


Which ofthe! fallowing? represents the correct electroniciconfiguration oothe Oulermost:tnergy level 
of aniclement of; 700 (VIIA); droupin ‘the ground state. 


(a) sp? (b) Sip. (ce) sip! (dy sip" 


ee 


ees 


hecause partially positive hydrogen 


toe 

HE is weakest acill 

highly electronegative fluorine tons. 
ne 


: it ae 
Cho; + HO — > 2HICI@, : 
| €1,Q; is anhydride oft perchloric acid. 
Eleetioncgalivity difference between tl 
maximum so H-bond is formed which ts Sirol 
Ch reacts spontaneously with Auta loins Au 
duc to formation of soluble chloride. This pro 
IWC, A Clad- J 
~a(OEVCL + TW 


eachine Powis 
ican as 


(ii) | (e)' Perchloric acid 


- a 


Ge HWE 


(dys 


t 
“lso gold bee 


ee en 


citet ocho Sore NO awe = so cme Come 


“ahead, 


dation states bat nk 
SICATLON Shee 


HCIO, is stronyesi acid because DNldation aitte of husogelt i 

binding electrons are shifted away tions 

comparatively easily. : : = 

| Noble Gas has complete vaience Shell so it tends tovbe inact 

VILLA group clements have cighteleetrons m theirmvalence 
5 : res ey ee 

valence shelliclectronic configurations S . 


im ST aT enS 
fEVIOUS FONAL 


Pine ane? 


What are Freons and Teflon? 
Give reaction of bleaching powder with; 

(a):Excess of H,SO, (b) NH; 

Write four applications of noble gases. : 

The acidic strength ofthe oxyacids of:halogens increases with the increase inthe num 
atoms:why? “a: 

Why HF is aiweaker acid than HC‘. : 

Why fluorine andichorine ‘act as decolorizingiagents? ~ ; 

How are the’ halogenacids ionized:in:water? Also:give the chemical:equation: 
Whatido.you!meanby. available chlorine andihow/is itcalculated? : 

Why iodine has:metallic luster? we 5 
What are Noble:Gases andiwhy areithey inert? 
Why’ HE/@, is:astronger acidithan HBrO, than HIO,? ee 
Why the oxidation state of noble gases is usually. zero? 

Whats iodized:salt? ’ i, 

Which'halogen is\used'as ‘an antiseptic and ‘which onethas violet-fumes? 
‘Why-iodine'has: metallic shine?- : ee : 
 How.does bleaching)powder act as bledchingiagent for fabrics? 

‘Whatiis meant!by “Disproportionation reaction”? Give aniexai 


mple of it? 


Chapter 5(The Halogens And Noble Gases) 


(2.1) and FGI Ais 19 which is 


omes dissolved 


ess is ueed inpaquaresda, 


isa 5S din NO}, oxidation state is +7.Other 

1 ilicial compounds: 

nereases and 

hydrovea, and hydrogen is relea 
; 


rr 


al 
shell vo.their 


ber offoxygen 


sed 
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———____TRANSITION ELEMENTS 


“Those elementewhie om ; 
atomic ste oe ae partially filledidior f—“subshells in’ 
: slates arewalled tre any of their commonly oceurring usidition 
The d-block and the tblock elements are eal! ae clements”, 
focuted berweon thysgiillithn: are called transition elements becdtise thes are 
the metallic elements ep , ith lemens and their, properties are in nak aa ie a 
A le s-hlock ahd noninetallic elements ofitl Une crn 
Panstion ciements are divided into we iene solithe-p-block, C 


4, d-Block Elements 


Q..Why disand = f-Block 
elements are called 
transition elements? 


Vhe chements havi i ‘lle 

o s Having partly filed d-subshe : 
vast in trast eee Weenie d-subshellare called deblock elements, Zine. cadinsam andimen ' 

partially tilled bur Cu” has SIReaRiaR ine have Ito partially filled d-orbjtat. Cannan aera el eee 

guration [Ar] 35°, 3p", 3d” and:transitionabin character. Au atid ir “neat eee 

r ~ Ngati Au alsoshuvesny) partially 


filled d-orbinabdiy zero oxi 

i A xidation state. But Au? has 4d? : 

aialicd mite -trcinsiti avon state. But Aye has 4d? and Au’ hus Sd* elee : : ; 

alsy. Called outc. transition’ elements. 30° clechhonie contiguiattion. d-block:elements:ar 


2. f:Block Elements 


rhe ule Cl | f= p s wt ! 

N Ing t it hell y | 

S . | \ 

> vlements Paving fs) ibsh artiall i) cd in their cCOnUNON oxidation Stile are ile { {block elements [- 


{=block transition elemen $ inc W W. y per v tb ¢ if rst roy 8 ll ed I 4 tl d 4 

. nts 3 lude {Wo iro’ h } ! OW 
| il Or} ] ae APs s at-the bottom c f eC jodie wars ‘$$ cate an heanit es 
White second row ts called Actinides; All actinides are radioactive In-nature 


Electronic configurations.of three sériesof diblock elements 


Ad-block elements 


Electronic 
.configuration 


Xe] Af" 5d? 6s 


\\ 


wae Uehiied ects 


be Configuration of frst series. old-block elements is given blow see za 


bs oO 


= = 


H 3d, 3d, 3d, 3d, 5 3d As 
si DOOOO W 
: EIOMDOOO @ 
wk DOOOO W 
ler mOOOOD @ 
[eI BODDP @) 
FM ODOOD 
Ni moe OOORO} 


Ii Wes eleetrame comfauration chramiftim and copper disobey then #6 rule. Incase of ehramitin oneveleetfon 
frontas-sth sie hate beentsed the hail-dilld-subsheil to complete i, This is because hal’ filled aesubstiell a) 


cued full fied ad > de scibshell are otost stable 


Sraisj- ; 


Main Group Elements And Transition‘Elements 


MA 


Transition Elements 


IND VE 


T 
loos 


7 | Ir 
152 


_ Non-typical transition:elements 


© The elements (Zn. Cd. 1g) of group IB iand| (Se: Y¥cLa) ot sroup IB areealled Gommon — ‘properties of 
nunelypiealtransitionclements. ° = é Transition:elements: 
Group: NBiElements  . : i)'Partially filled d/& frorbitals 


According ro definition off transition:élements- Za, Cd and Ha should ‘nor be ii)iCaloured compounds 
plaved with dsblock: elements because they do novliave a partially filled’ dorbital 
uilheras elementsor irany oftheirenidation state, = ees 
Group! IIIB-elements: 4 : 
hey have one electron inthe. d-sub-shell oftheir atoms. But in compounds. they v) Catalytic properties, 
- + omstiy Oceanus the tripositive ions: (Se Y “Lal): having no:d-eléetron: Inithis vi);Gomplex compound 
¢ = way thew exhibitthe properties:of main-group elements, ! 


‘formation “= OS 
iii) Paramagnetic behaviout 
iv),Variable oxidation states 


formation 


“Prope: ties-differing from‘typicalitransition elements. _ - : porst 
(i) ‘hese elements (Zn, Cd. Hg) are diamagnetic. 


Cnapter § (Transition Elemengy | 
: SSS 


Therefore binding is stronger upto. group VIB and weakens 


Scholu's GH RY : NUL (Subjective) 


Scholar's CHEMIST 


ij 3 . sT TGR: t } 
Gi} They de-nar shin varmble oxidation state 


(fi) Most of their compounds 


are colourless, : sé 
Properties of Transition Elements 


Because ofa simil: 


lar cleetronie configuration the 
and chemical properties. Some ofthe points ofthe 


1 Thes are albmetals intre sense. 
la. The ete. 

2, Vhes are all hard and strong me 
vlectricity 


d-block elements closely resemble. che aauthe: at iien plivsical - 
in resemblance are givenibelow, ° 
Some of whiel play important role in industry. 1 


i BeoCr, Ni, Cu. Slo. We Zt Nb, 


dhe 


lalsawith high melting dndtboiling: points. They are alse good conduetars of heatand 


» They torn atfoys with one enegher andalse ®ith other elements. 


ile valency or onidation state. 
» Phen ions and compounds are colotired-in: solid’ state aswell as in solution forms 
oxidation states 


3 
4. With few exceptions. thes shew vaeiable 
5 


~at-leastin-one. i notall the 


Genera teri 
(a) Binding.energies 


A eat ae Saco apa acres 
Fistics:of Fransition Ele 


ments 


= ets 


Se Transition metals show good mechaniea! properties. They are tough, malleable and ductile. fhe touutiness af these 


metils indicstes stony metallic binding. [his is because. apart 
of underiving hal(-fHled d-orbitals dilso)participatesin binding. 
© ln moving trom left te right in any iraisition séries: the: 
number of inpaired elvetrons: increases up to yroup VB and 
VIB. difter that patting takes plice and siumber of unpaired 
vleetrons goes.on decreasing until it! becomes zere at group 


HB. 


from s-electrons of the outer mest shell the Uleeuonis 


progressively up to caroup TB. This trend of variation in 
binding energies is’shown in figiire. In the first transition 
series. the general inerease ine binding cnerey ends at 
vanidium, This is due te the chitige in metallic: structure. 
Manganese has somewhat low binding energy. Inthe third 
transition series, Uie inerease in. binding energy ends at 
tungsten when all the $d-eleetrons contribute to binding. - 


Binding energies (anityob WUE mal’) 


BT si} es Nr 


Ntomic nin bes: 


(b): Melting points and boiling:points ‘ ‘Binding energies: of:theieloments 
Pransition metils ‘have very high melting and boiling ofithe first’ and third transition sertes: 


+ ° \' Pg r ittlseceleceelipeers Cheatin. } + tres ani 
Ponts due to strong binding forees present between theinatoms. Melting points increase mpete the middie of the serres and. 
then decrease to aiminimun levebat the end of the series: % 
a u 4 
TH, ie : Is 


S 
= 
——j- 
EN ; 
a - 
~ <4 
it 7 


Malian prints 109 


tel, 


es as TA St ; 


None namber 


Atomic number 


Melting points of the elements 
ofthe first and the third transition: saries 


Melting points and boiling points of elements is directl 
strength of bond; greater will'be melting and boiling points. 
(c) Covalent Radii and Ionic Radii 
The covalent radii decrease rapidly atthe start of the series, then become 
almost constant, and finally begin to increase at the end of the series. The 
increase in covalent radii is-possibly due to:the fact that the filled 3diorbital‘have 
contracted into the electron core and so shield the outer 4s electrons more 


effectively form the nucleus. 
Changes in the ionic radii along the series:are much less regular, so:that 

periodic trends in the.properties ofthese ions are difficult'to rationalize. 

(d)} Paramagnetism — baat 

Paramagnetic substances: Substances which are weakly attracted’ by a strong 
magnetic field are called:Paramagnetic substances. e.g. MnSO,,FeGl,, Nil, cte. - 
Diamagnetic substances: Those substances which: are weakly repelled by a 
strong magnetic field are called diamagnetic substances. c.g. ZnCl2, ScCh, ‘CuCl 
etc. : : . 

Reasoniof Paramagnetism . : : Hoops 
; Paramagnetic behaviour is caused/by the presence of unpaired clectrons:in an-atom, molecule or ionibecatise there 
is a magnetic moment associated with the spinning clectron. It increases with increase in the number of unpaired 
electrons. When the electrons are paired’ in an orbital, then magnetic moments are cancelled out’ and the substances 


y related with the strength of binding. forces, ‘Gieater 


= 


= 
cS 


7. 


r= 


80 


Govalent and ionci radii (units of nm) 
ia 


20 35 Mw 
Atomic number 
Covalent radii snd fonte radit: 
(for MI") of first transition series clements 


=<. become diamagnetic. 


Periodictrend ee 1 Series ea 
The paramagnetic’ beliaviour is the'strongest for Fe** and’ Mn” andidecreasesion both;sides: of the firstitransition 
_ series. The reasoniis 'that'both: Mn’? and!Fe’‘have:5 unpaired electrons cach. The number of inpaired|clectrans decreas’ 
‘gradually to!zero.on/both:sides:as it\is clear:from:above table. : Fn 
The following figure shows the variation in the paramagnetic effect of the ions. belonging to the: first transi" 
series. - ; S 


-Q. Why) Mn?"'& Fe?" have 
| strong magnetic 


+i 3ohr magneton: (B:M))'s 
properties? Bohr. ‘magr ALY 


>a unit “of magnelic 
momentiusedito.describe 
atomic, moleculas 


nuclear magnets: 


Observed paramagnetic 
moment>, 


Te chi 

: ie 1BiM= = 

2 a ae a ae —i- ae 4nme 
nh Cri Fe" fear cat Gs : 


i 


~ » Atoniic number. 


Variation fn tha paramagnetic effect'shawn by. 
: __ ithe,selected ions across the 'first transition series 
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(Subjective) 
2 ee * 


A 


Gouy balance is used ito determine the magnitude of pa 


famagnetic nature and numberof unpaired electrons of an 


atom. 
(e) Q@xidation state 
One of the most important pro 
show variable valencies because of 1] 
formation. All 3d series clements show 
Commoniy Occurri 


erties Of transition elements is that they exhibit variable oxidation states. They 
Ie involvement of the unpaired d-electrons in, additios: to s-clectrons in bond 
an oxidation state Of +2'in addition to higher oxidation states. 
ng:Oxidation States ofthe a“Series of fransittemElesnents, 


Oxidation slates 


Se [Ar]3d!4s* 23 MGQ’s 
Tits (Ai]paras? 234 Whicit of the following is 
Carat. tare = most stable sxidation 
[Ar]3u*4s? 23) ARS) state of Min? 
Highest oxidation state is Cr» [Ar]3d?4s! 2 3) 4) 5) 6 _ (ay in (b);Min" 
shown by Ruthéhium & Mn [arad’4s? 123-4 5 67 (c) iin’ (d)'Mn‘° 
Osmium which is +8, £ Petar 5 ’ HINT: 
© [Arad4s; il! 2 3) ar Ss 6 ud? & dl? are, stable 
Co [Ar]3d? 4s? Meshell ts electronic'configuration 
Ni - [Ar]3a*4s* 2) 3)<4 
Cu fAr}zd!4s} V2 9 
Zn, farjad4s7, 2 


+2 oxidation state is shawn when only the 2s elecirons-areinvolved inibunding, Inthe |lighest oxidation states of" 
the first five elements, all the s-andid‘electrons-are used for'bonding. Manganese has highest oxidation G-7);dmong the 
first: transition series. After Mn. the: inumber: of oxidation states! decreases. as:the d subshiell iills:up:and -fewer unpaired 
electrons are available for bondiformation. : r Sete ng 
(f) Colour : : 

In transition clemeuts. the d orbitals are responsible for the colour 
development in their compounds. Vien these orbitals arc involved in bonding. 
they split: up into two cnergy levels, one set:has aihigher cnergy than the otlter. 
The electrons residing in:low energy d-orbitals absorb. part of the visible light 
and jump to fiigh energy d orbitals. The process is called :d-d transition. The. 
energy difference ofid-orbitals varies from:ion tg ion: ee 
“Thus, every ion absorbs:a difierent'wavelength and transmits:theiremaining set ofiwaveleneths that.gives different.colours 
totheions, - —. See : : E 
Example : ; Sait y maa at ee aaa ea 
; Ini [TICHSO).]*" ion. yellow lights absorbed while :most ofithe bluc and red lightsiare transmitted. Thererore. the. 


Solution afi [Mi\(H30),}"" ions look violet Micon a teh. dee Oia. 


: d-atransition after. @ ®) 
: SS : 4 Spaebsopbon ol NE ain eee 
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rat 
a 
o 
= 


Complimentary.cajours 


Fite down their different charac 


- Interstitialicompounds 
When small non-metal atoms likeH; B.S 
them. they are called interstitial compounds. 


BN. enter the interstices ofitransition metals and impartuseful leatures nu) 


Chapter 6 (Transition'Elements) 


Examples: TiC. Ma \. hb be. Fete. 
(i) These are non-stoizhiometric compounds, 
(ii) Phey are neither wpieally donie nor covalent. 
(ii) hey have some properties different from those ofitransition metals. 
properties ete. ; 
(kh) Alloy formation (Substitutional.compounds) 

A solid solution of metals is called alloy”. Due to the similar 
able to replace one another in the metallic lattice and form substitutional alloys among themselves. Alloy steel-is: an: 
importantiexample of this type of material in which ironatoms-are substituted!by chromium, manganese and nickel atoms. 
ele. to give the steel: more usetul properties, Other examples are’ brass. bronze. coinage alloys. ete. 

: ran ae TAT 


ae an 


eg. hardness, melting points, chemival 


ity in their sizes, some transition metal atoms-are 


'CuGU - SO%, Zn 40 - 20% 


Cu7s - 90" Sn 2s - 16% 


TU Sha Zin 24% NE DUM 


‘ ~- 


jHronze 


= : : Terman silver 
ta aa a — ss 


HGumpment 


r WAST Ma. Zn Su. Sr LO" 


=A substanee formed when-one or more anions or neutral molecules are 
bonded wath aemetalatom or ionis eilled comple” 

or : ress 
“The compounds: containing the coniplex molecules or complex ions and 
capable-of independent existence are valled: coordination compounds or 
complexes.” j 
ovalent bond is.present soit is called coordinauon gompounds, 


In.complex, coordimate ¢ 
of Fe (CX): and KCN are mixed together and evaporated, a new compoundits 


Example: When the aqueous solutions 
ionize as Fe’ ande@N ions but ionizes as ion and (Fece Nye] ton 


obtained whieh in aqueous solution does not 
(Ferrocyanide iond. Onithts ! dsisat has been given formula Kiflre(E),]- 


aks Re( NS), 22S dK + Ke(@NY 


FeLCN), - IRON 


Here Fe(@N), is called a complex jon 


There are three types of complexes, 
A-complexcontaining a siimpleeationand complex anion cs Ky Ther), it 


A.complex cation and sinple anton. ¢. gt {CuiNH SO: 


Explain the following terms,giving.examples. ; 
(a) Ligands (b):Goordination:'sphere 
___(d):Gentral metal atom (e).Chelates 


= 


(c)\Coordination number 


(a) Ligands oe : 
“The alums. ions or neural molecules, which surrounds the central metaleion and donate electron:pairs tot are 
scaled Ligands”. ; = 5 


° Yhey are Lewis bases, 


Sebolar’s CHEMISTRY. NIN (Subje 


(b) 


(c) 


(d) 


(e). 


(f) 


! . * i . ored: 
Ormed. Inthisway. we observe two five membered 


clive) 


° Thescmay be 
Examples: 

(i)/Ki [Fe (EN), | Inithis com 
(ii) [AZ CNTs] Cl Inithis & 
Coordination Sphere 
~The central metal atom orion alor 


AMONS onneutral molecu les. 


ns compaundiGn: (cyanide ion) ts anionic figaned 
uples compound NHECAminine) isa neutral ligand 


Mewith ligands is called:coordinanyn sphere”. 


° Itis usually placed in’ square brackeis. 
° IWmay be anionic, cationic oF neutral: : 
Examples: ; : 


Re [FelCn), [inthis ¢ ove 1 m3 

‘ os ai Ne oR me ae Compound: [Fe(CN J] is the anion’ coordination sphere... 

ia Ni CO} = My Ms couples compouid..{Cu (NH); [2 isthe ciitionic coordination sphere. 
; 1 NUS complex compound, [Ni (CO), is the neutral coordination sphere. 


Coordination Number 


“The number of lone ‘paiiof electrons . ; ; 
ne-paifeol electrons provided by the ligands to the central metal atony orion sisecalled: the 


coordination naniber oti the céntralimetal atom orion” 


Examples: 


_ Rabe (GN de tn titis complex compound: the coordination: number af iron is 6. 


(ii) [CU ONTI) | SO. tn this comple compound; the coordination no, of copper is 4. 
Geniral Metal lon or atom 


“A metalatom or lonvusually aitransition | 
ali sually aitransition gleme : ? trot ligandsiis.called:ce i 

, ee ement surrounded !by anumber of ligandsis.called:centralinetal atom 
Examples: 

(ii, [Fe (CN). J Fe > isthe central metil ion. 

“ . re Ts 
(ii) Ag (NIG PEL Ag’ issthe-central metalion. - 

(i1i).)| Cu-NT ss): [ SO, isa:central'metal:ion- ae aera 


Charge on the coordination: sphere eres esr ie Srna a! ea alae 


ca 


Ihisthe Mech gglte sunrofithe. charges present on the central metal ion and the totahicharge on theiligandss co 7 
[e(CN i] Yn se mera 
Charge on ition on) SPB 
Total charge on six’CN: tons = 6 

Charge onthe coardinationsphere 6-2--4 

Chelates 

“When all the donoratoms ofa palydentate hgand get coordinated with (hesume metalion, a complex compound 
- . . “5 n ' Y 1 ; ; , : 2 
is formed whieh contains one or more rings imits structure and js galled chelate”. = “a 


Examples: aes oe 


or . (Pt (C,0.):]' 


“Dioxalato platinate (II) ion’ 


When two ositlate ligands G0, (bidentate ligand) iget coordinated with PU” jon, dioxalato palatinate (I) sionsis 
rings. , 
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: ubjective) 


In riting the forn A e ractice 
Ww nula:ofia complex.i ice i 
follow ed hy the form ilas ik piex.1on, th usual | pi act! isitojplace the symbol ofthe central metal atom first 


tonic ligands in alpl \cti . 

. * ri . q| | . he : hahetical order then neutral ig a ids ina I 

lo mula ofithe Who c.complex.ioniisenclosediin Si uare!brackets. i 7 | 3 | | 3 
r LUT Mls. 


ess eee eee 
Q.11_Givesystematic’names to following: complexes 


ans (a) [Fe(€O).],.Pentacarbonylliron(o)! ary. i ie 
() [Co(N)]Eh. Hexa - ammine cobalt'(IIl) chloride ; : 
9) JFe(HO),)7". Hexaaquaiiron:(II)ion 


| Sos ss rionic igang 
CL (Chloro). F (Eluore), Br (Bromo), | (iodo). 


[Sloss 


Se. iy Garo =) 


~HLO(Aquay 
“CO (Carbonyl) 
fuusrettoeeis) ew, scairtontn 


STENT a <> ‘ (d) Nay|Cok,], Sodiumihexe : 

“CTENT = (Methylamine) (CO) (Oxalato). ; |. (e) ie iG a alot hexalloure cobaltare.(lN). 
— ee ————— = f 3 Ate als Potassiunitettacyano cupparate (11) 
Q. Classify ligands onthe basis‘of number ofielectron pairswhichithey.donate. (f) KAP UC Ii]sPotassinm:hesaehiloro;palatinate (IM) 


; >1(G “Nt . sis n ‘ 
a oN NNMOAISO,, Feud -ammine dilydroxoplatinumi(I¥) sulphate. 
) JEr(OM)j(11,O))], Veiaquatrihydroxochromium (AIL): 


—-efo-— 


On the number of electron pairs whieh they donate. ligands:are divided into following types. 


Monodentateiligands 
“Those ligands whieh donate one pair of eleetronito central metal atonv or ion are called monodentate ligands.” 


’ 


Examples: Geometry of the complexes 


El] (ehriore), Br (Brome). 1 (Gioda). CN (Cyano). F :(Fluoro). OH (hydroxo). NOx (nitro): NO 
(Nitrosy1). 11s (aqua). NER(ammine) ete, 


Bidentate ligands : 
Those ligands which donate two: pairs oficlectrons:to centralimetal atonijor ion are-calledibidentate ligands: 


The LEOMCIEY of COMplexes Cc I) Zz 
p u} lexes de pend upon the Ivpe o idizati aki i i ( if 
g) metal dloleeor ion I p F of hyb idi won taking place in the valence:shell of central 


jComplexiton _ (State(of|hybridization‘o 


hapeleiStructure” 
“ 


- | __-y___\the\central'atom) , 
Examples: Tetrahedral 


Hydrazine (Nah). (C301) (Oxalato). €O. (Carbonate) etc. 


[MnCl] er - Ml -, 


[Cu(NH3)iJ? 


The nomenclature of comples compounds is based’ upon the recommend 
Committee oF IUPAC, 
The tules fornaming.the complexes are givenibelow. 

4d.  Cations-areinamed|before anions. - he WB 
2. ‘In naming the coordination sphere. ligands are named in alphabeticaliorder regardless of the nature anidinumber of 

each, followed!by the name‘oficentral metaliion. : : - 
‘The prefixes di: tri: tetra. penta, hexa. etc. areiisedito-specify the: number. Oficoordinated| ligands. 
‘The names ofianionic ligands endiin’ suflix 7O*,.e.g. hydroxo, (OH"). carbonato (cor ): 


ations by the Inorganic Nomenclature 


- >| [agar |. Oetahedraly 


§. The names olineutral ligands are’ ustially unchanged: @g. for NH3, ammine, for HO, aquatand for CO, carbonyl: aa he 


6; ‘The suffix tate” comes at the end! of the name of metal if the complex represents an anion. otherwise it rematns = il ell cs! 

"unchanged: ar : em = fare ; Nea 

7, The oxidation number. ofthe metal jon isirepresented by a\Romaninumeral in parenthesis: following the name‘ofithe : DES | rm | Se 
metal. : , | EN 

: ‘Examples. 5 , 

K,} Fe(eN), | Potassiumihexacynosfermale(il) : ea 


preltistoric days. ‘Tl,was used in| Egypt in 1S00/BiG. IG issknown thatthe Chinese also 


[ PE1(NO.)(NTL 4 SO) Veunammine chloronitro=platinum (1M) sulphate 
as produced around'600/B:C, 


| Go(NO; ), (NH, ); | ‘Triammine trinitrocobalt:(:II1) 


Iron has been!knownsince pCey 
usediironias:early as-2500 BiG. linithe sub-continent tron 


Ores-of Iron Re er 
Mughetite (lfe:04): ‘Hacmalite (FesO3) andiLimonite (e303. H30) 
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420 ae : ———— nts)) 
SoS ee ae ee aR in the following three forms. they differ in carbon contents as follow: 
(i) Pig iron or cast iron 2.5 to 4.5% carbon 2 : me 
(ii) Steel 0.25:t0 2.5% carbon a 
(iii) Wroughtiron g 0.12 to 0.23% carbon : : : 
Wrought Iron : aie 
Composition 


Pear . ay Uy Sem, soa 
It is the purest form of commercial iron. and contains the lowest percentage oft carbon andiupto:0.3% of impuriti¢s 
ike S$. P. Stand Mn, ete. é 
= S = 0.2 10 0.15%: Mn = upto'0.25%, P= 0.04 to 0.2% 


Manufactureiof WroughtilronifromsGastilron 


talges= 
VU LOUBN OL . 
by heating cast iron ina special type of reverberatory furans 


leis manufactured tromveast iron by puddling ke. 
ralled|puddling furnace. 


Puddling Furnance 


eo Bhis:turnace-has:a-low roofito.deflectthe hot'gases and) Hames downwards.andito melbcastiron, 
eo he hearth ofthe furnace is Hinedwith hematite (Fes): , = 


©  Theeast iron is.placedian the hearth, melted:by hot. guses and stirred:yr puddled with long iron rods called rabbles 


tiroueh the doors to bring it-inthoroughicontaet awit: thelininwonthe hearth, ie. Hes@s. 


Puddling furnace forithe manufacture of.wroughtiron 


‘Oxidation ofiimpurities: a Ge fe es 
P he hematite (fe-Oo-lining-supplies oxygen. necessary forthe oxidation:ef carbons sulphur. siligon. manganes 


Amndtphosphorus present inithecast: iron, j 
6 Oxides of earbowand sulphur. being-volatile escape out atihigh temperature. 
‘ SC. Fei@.—- 2 2he - 3C® 


, 384 Be OD — -rEMSSO. 3 4 

© While those ofimanganese. silicomandiphosphorus-form slag. Thus. 

38h 2FesO\—— Ae + 381. — 
2M 0: SMO re 
MnO SiO, —-—yMnSiO; (Slag) 

4P +50, —S92P,0, = 

Fei... POL => 2kePO, (Slay) 


* furbace. This-furnace ‘has a-low roo! to.dellect the hot 


NIL (Subje 


Collecting the wroughtiron 
With the remoy 


Hing point of the metal rises and it becomes a semi-solid mass. At this 
alls or blooms onthe ends of rabbles, While 


as muchofslagas possible. The product so obtained!is:known as wrought iron, 


SUIT hot, these balls are subjected to 


E 


Steehis an alloy-of iron cont 
Classification of Stee]: 
Stechis classitiedonithe b 
1. Mild Steeli(0.1-0;2% ¢) 
eo Wis fairly softmalleable and dictile. canibe 
eo disused inimaking tubes. nuts bolts. bar: 
z. Medium Carbon'steel|(0:2-0.7%'¢) 
eo tis harder than mild steal, . i 3 
e [tis also malleable and duetile. 
2  Wisusedinmiking els avels, e: 
3. High Carbon Steeli(0.7-7.5%'c) 
Itiy hard and canbe frgediwhen containing less than 10% carbon, 
o Steel containing more thin 10% varbon 7 ; 
ott is Used too nitkhe haminers, taps: dies; 
enuines 


aining:0.25 to 2:5% of carbon and traces oF S.P.Sijand/Mn, 


ists of|percentage oficarbon. presentiiniit. 


forged (shaped! byshammering-andipressing while hot). 
ars and!boileriplates. . 


SUNS, ; - 


cannotbe forged, : + 
culling tools: machine tools, hard: steel partssof! machinery: andrall sorts:of! 


) east rot Dy removing some carbon alongwith sulphur, phosphors andisilicon, H es 
i bs adding the required Mount off carbon towrouglit iron, thensaddiny’ some special constituents, eig.. tungsten. 

sheeniitiny, sanadiun, molybdenum, manganese. nickel and cobultiwhich impart desired | properties tothe steel. At 
_ Present most of the stechis manulactured fromcastiiron, : ‘ ; 


Manufactarerot Stee 


Hcan be nianufactured!by: the following processes: 


Steel santermediate.in earbon-eontents between.castironsand wroughtiron, Itean| beiprodiceditron: ~~ 


(38), (spenihearth process (using castiron: wrouglitiiron:or steel scrap) 
(hb) Bessemer’s process (using cast itononly) 


Some other processes are alsovused to, prepare special type ofisteel from) pure wroughtiron, 


Open AearthiProcess) 


Pree fee 


Blast Air 


this is- ihe most modern method -for the : 
: . and hot gases 


Manufacture of steel, Iteis.carried, out. in:aniopen hearth 


gases and Names downward to melt the charge. The 
open hearth furnace works on ithe regeherativesprinciple 
ofihcateconcmy. : 
Types. : 
pen hearth processiis ofitwoitypess J 
1. urnace with acidic lining like SiQ3 is used when: 
the'impuritiessare Mn: Si: ele, meee aI 
2. Furnace with basic lining like dolomite (CaQ, 
_ MgO) is usediwhen the impurities are)P and'S, ete. 
Process 
Ao mixture of cast iron; scrap: steel and quick: i 
lime is charged into the fumace. At about 1600°C Si. 
Mn. ©. 8 ind P are‘burnt out and removed according to 
the following reactions: : 


Molten steel 


Hot Gases Hot wises 


Open Hearth furnace forthe manufacture of: 
steel from‘cast iron ; 


: CH 0;———. CO 
i+ 0; ——> SiO: 
- Mn+ 1/20: MnO 


ne 
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CO eseupes in thy Mug gases. Silica (SiOs) combines with CaO, MnO and'FeO to form silicates (slag) whieh flog) 


onthe surface of ge moltenmictal. . 
SiOx + Cao ———> CaSiOs 
Si). + Mn@ ——* MnsiO; 
: Sid7s FeO ———> _ FeSiOs 
Phosphorus and sulphur react with FesOs toformiPsOs and'S@» respectively. 
2Fes@; + 3S-——> Affe + 380, 
5¥es). + 62 ——> 10Ke + 3PsOs 
‘These oxides reaet with culeim oxide toformishtg. 
; P.O, + }CaG——>_Cax(PO,)2(Fertilizen) 
SO. 1 CaO > CaSO; 2 AM - 
nage of carbon in the steel is determined regularly, Wher thisids 
rediieed Ww about O15, the caleuhned mass of ferromanganese Ue, Mn. ©) is. added. Manganese desulphurisesithe Steel 
Lerronamuanese faises Ihe carbon contents to: the required values, After giving time: for mixing. a litle niore 
d charye iy allowedio rininto moulds where ip solidifesio ingots. 
contains caleiumiphosphate, iis grounditoipowder andsoll a aitertilizer, 


Q. Whati 
Samples arettiken wt intervals and the peree 


~ Jrroniinganese is added. andith 
Pie nbole progess tikes about Le hours, Shi 


ure of.steel. o ] 


verter: 
The Turnace used in this process is valled ‘Bessemer’s Converter sien 
Whiehiisapear shaped vesselimade of steeliplates. S Wika 
h a number of holes Ene 


At the bottom te: Gorivertor is. proxdded! wit 

through whietihow air is: introdtced, 

The convertor is:held/ on a:central axis: so)thal it can bestilted iniany 

desired position for feeding and\pouring outithe finished materials, 
‘Feeding thecharge: 

Molten: piy.or cast iron (25:to 30‘tons) front thei blast.furnace is 
fed!into:the converter and!holairblast is injectedithrough\the perforated 
base. ‘Lhis.oxidizes carbon; silicon;,and!manganese.- ee 

€+¥%0;———> CO 
Si + Q:——— SiO: : - "Yuy eres 
2Nn4‘O;-——» 2MnO : ; 


‘Trunaion 


Bessemer’s converter, forthe 
~ mantfacture’ofisteel from cast Iron-: 


Slag formation: 
iron inthe molten 


‘Thesc-oxides-form:aislag.of MnSiO3. The! heat evolved: during the oxidation tis enoughtoikeep 
state. MiO+SiO; ——> MnSiOx(Slag) 
Oxidation of carbon: i 7 
€O|produced!burns atthe: mouthiofithe: converter withia\blue:flame, Irontis;partly oxidizedito:ferric oxide: 
which also:extracts carbonifrom castiiron\to)forini CO} <— ; : 
ie 4Fe+ 30:—— 2FaO; 
: Fei; + 3€ ——_> 2Fe + 3€0 é 
Within 10ito 1S minutesithe! flame dueito:CO subsides indicating thatthe:carbonsis completely oxidized: 
‘Additionof ferromanganese: : P 
; Authis stage ferromahginese is, addedite Gorrectithe proportion oficarbonito.obtain:the desired'qualitie 
air is coutiines for a moment to ensure thorough mixing. The-addition of Mn imparts: increase: d hardness ain 
strength. : 


(0) 


g. Aublast of 
i! tensile 
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clive) 


Removal of air bubbles: 
Inorder to:remove ¢ 


Utrapedibu > Te nTT 
js-also added, Aluminium re Peal bubbles of gases (blow 


5 : ‘ holes). suehvay ¢ . 7s . 
moves nitrogen as nitride es). Suvhvas Os. NCOs, alittle 


aluminium.or ferro-silicon 


TA 

= 2Al+.Na— : ; A 
Attheendiofithe operation. the Ate Dans 
defect. 


MapEe ae ‘free-from any 


moltenisteelis : i f 
Steelis pourediout into moulds forcastine, Such castingiare 


sGOrFOSION 


“Any process oficheinical decay of 
Gauses.of Corrosion 


(i) By gases: The simplesticuse of i i 
¢ of cbrros 
surlace of metils hucones:comedl@ilh eomne Mschk Files aphaecaec ean ee 
formarcompact layer onthe surfae ; mpourids Such as onides, sulphides and carbonates Suchis soni 
(li)/B i e suluce protectingithe metallfromitturther attack ‘I as ceases oa 
ji) By Water: Thy ease wouldiberdit eT aac | 
us dibe.ditfercntiwhe i 
Jenithe metal ZOMae i 
nay dissalve in witereahowine tl ‘ si eontact withwaler, The compounds tormediinithi 
. ut - Onors ‘ Hi | oe +s 
Ee Corrosion tojpencinale {tirther Hote mena, Besides dissalyine lire Pears 
salva i (ids, water 


who promotes eleetochemic | tea 
a] » elcetfochemicnl process whichis one of the Mail cases off rapid vorresion 
= SUAS Ls Ae na2 Wy { 


metals duc: acti i di 
als.duc:to the action:ofisurrounding: medium is called corrosion,” 


Q, Describe electrochetnical theory.for:the. process of:corrosion 
Pi] +me Sr bet ] ¥ i : 
9 Pure mets are how cusily: corroded, eveniiron hardly wets: corradediil'a 


metalpromote corrosion. bsolutely pure. The impurities present inthe 


. Tovwnderstand wity i ities 
} mpu accelerate the *] . : 
Ris. conte ih ares the Soesen of metals, consider what happens when two different metals 
, p Mmoist-air, Suppose, for instanve. Cu is bro . unefalss 
soNbrie=_weishallinatice hulle mh : a stanve. (Cu is brought in: contactwith AL Afier 
eb ve sh; i] notice that aluminium vets: corroded while copper remains: intact. ‘This ani beexelii ae Aller 
electrochemicalithcory. ; Situtact. This can, be explained |by the 


MS di i H hy I ys d 2 are prese Wi e Thadee Cc Cl. arer TUZeS 
‘ ) [{0} i 
Accore Ine-to tis. theor moisture ind ar p Sent. or th surli of th in tal W ater 1omize. into!H and OH 


ions. CO; dissolves in water forming/H)CQ3 whieh ionizes.as follows: 
CO;+ HO; ——=>. HCO, 
HiCO; =H HHICO’=; 


Diagram ofithe corrosion.of aluminiumin contact with:copper 


This forms a galvanic celliin Which aluminiumirelcases electrons;and/changes to Al” jon\(being: more reactive 


thi ae: : ae 
4n (Cu) ike. inacts as negative electrode and(Gu acts-as‘a'positive:clectrode. 
Anode Al—— AT’ +b 3e7 ; 


AP’ +30H’ ——>Al(OH) 


3 


So 
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~Alwniniens ions attract QOH Tonto orm AOR). ne. il stirts dissolving. 
Cathode 


JIN + 2e rit, 


Vhe WH ions present onthe Cu receive the electrons andireleased'as 1s. 
€onclusion a) ; 

In this way -altiminium corrodes rapidly when in contact with copper whiely is lower in-clectrochemieal series 
Fronvthis we ean-conelude that when an active metal Ali (higher inthe electrochemical series) comes incontie With fess 
active metal Cu (lower in the eleetrochemical series): a galvanic cell is established, In this process active metal cortodgs 
vapidiy while the other intaer. 

PreventioniotiGarrosion 
has been observed that the amount of iron destroyed cach year by corrosion equals to about one-fourth of ii 
anntiali production. Hisahecefore necessary to prevent such a damaging proeess andavoidithis Joss. 

Ditteremt methods are used to prevent corrosion: \ 

(i) Phe simplest method af protecting the surfsee at Matter trom coming indirget contuer with the surroumding.by, 
coating i with oil, pai. varnish or enamel ; 
(ii) lien be prevented by alloying te metals. : 
(iil) Hhean alsorbe:presented ly coatinmthy metalwith athia layer ofanother metal. eg. Cin plating, galvanizing, 


Q:8:(a) Why does damaged'tin platediiron get rusted quickly? 


Tin plating.or coating ironwith'tin (cathode coating) 
The process of tin plating consists of dipping the elean sheet of iron ina bath af molten tin-and) then passing 
throush hot pairs of rollers. Such plates are used inn manufreture-of tin canes, oil containers and other: similar 
articles, oa ; é 
Vin itselfis avery stable and iproteets the metals effectively as lonwas its coating on the ivonistintact, 
Wthe:protective coating is damaged. then ironicomes into:contacl with moisture. AvGalvanic celllis:established in; 
which tin-aets asia cathode and iren as an anode. The electrons flow from iron-toitin, where they: diseliarge:!’ 
jons. leaving behind ‘OL! inthe solution. These OH. ions react with ‘ironiand forming Fe(OH). whichidissolves 
rapidly inwwater, Z ‘ apie 

Fe? +. 301, ————> Fe (OH); 
Krom this, iheanibe.concluded that platediiron gets tustimore-rapidly. when the: protective coating)is damaged thaw 
the: non — platediiron, , 


@:8(b) Under whaticonditions does:aluminium corrode? 


When an active metal Al comes: in contact with less aelive metals like Za. Cu, Re. ‘Sa (ie: haying gccaler 
reduction potentialithan Al) aGalvanic cell is.established in which ALacts as an dinode while: metals:like/Zn/Fe 
ete aghaseathode. Inithisiprocess. active metali((AD) corrodes- rapidly whilésthe others reniainintact. Lh 
On the-other hands the main: condition ef rapid corrosion: of Al is when the protected Jayer is damaged andthe 
metal comes in direet contwet with water. Besides dissolving the compounds. water also allow Ahe corrosion? 
penetrate further into Hermetailiand/promotes:the-eleetro chemical) process. = 


Q:8\(c), How does'the process ofigalvanizing: protect iron fromirusting? 
Galvanizing.or Zinc Goating:(anode‘coating) 
Galvanizing is-done iby dipping a-clean iron’ sheet inva zine chloride buth and heating. The iron sheet !s the 
renioved:.rolled/imo:Znibathand aineooled, 


Inithis case. Ifiayprotectivelayerotizine is damaged: a galvanicicelliis established inithe: presence ofimoistt 
serves asaeathode and zine as anianode. |Elvetronsifiow: from:-Znitotiron. as airesalt of which Zinidecays 8"! " 
remains iatecl. Uhissis called sacrificiallcorrosion. - 
=, eh : eit 
ae pal Ee = Zn - >» Zn + Fe 
‘Thissisithe way,-galvanizing helps proteetingirom from rust. This process: used )inswater: pipes ete. 


re, Iron 
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Chromates:and dich 
- i Tomates are the salts of chromic aci . 
Both Acids exist only in aqueous soliit} ‘alts of chromic acid, H3@rO,, and dichromic-acid; Hs qs et 
; : Jeg Ss sol ; ee lichromic‘asid, H3ErQ;, re a 
immediately into chromic vution and when attempts are made to i a 2s respectively: 


anhydride (¢ temp solate them from solutio é es 
nyeride (€r03) and water. Their salts:are, however, .quite-stable: mltiey/deeonipose 


jRotassiumiChromate((ICrO,) 
Q. Describe the preparation of K;¢r0,, SCAN NZS OIE 
Preparation of K,¢rO, 


I. ‘The chromates of alkali metals, which are soluble in water. 
x » 


compounds inthe presence ofan alkali are obtained by oxidizing trivalent chromium 


IKC ; 
ea +3BRh48KOH ——> 2K,CrO, +6KBr+4H;0 
produced by fusing: Cr30, .withian:alkali inithe presence: Ofian\oxidant; suchias)potassium 
Cr,0; 
Chromates are usually prepa 


carbonate in\the presence oft 
‘extracted withavater, 


Chromates can alsoib 
chlorate, 


+ 4KOH'+ KCIO; —— 2K3CrO, +:KE) + 2H,O 


re . . . . : 
i ™ natural chromite (FeO.Cr,0s), if it is strongly heated with potassium 
ygen, Theiresulting: fusedimass,willcontain\ potassium chromate which can’be 


4FeGr oi : : 
80, +8K,CO,+70, —— > 8K,Cr0, + 2Fej0, +8C0, =i 2= 
Properties ; 
Structure/of/Ghromate ian 


Almost all the: chromate: i ; 
For instance, insoluble lead ahiearate Ce cone sae a 
. : , is emplo' ( fon:o} ili 
colour:called. yellow crown: : Hinges onthe pre paraticnjonyel Wel 
Q. How dichromate‘ions:are converted into Chromate.ions? 
th an-aqueous solution, CrO,” and'r,0;” existiin equilibrium. 
4 tr, 2 + 4 o 2. ant 
When an alkalilis addediin thi Soi RSA a 
iis adde ‘int is)sol., the OH ions fromthe alkali Binds;the!H’ ions in’ solution(to:form!H3O: Thus 
according to le-Chatelier’s principle when(‘conc. ofireactants' decrease then the reaction:/‘equilibrium will shift in 
the backward ‘direction:soin.this way, the dichromate ion 'Gr;0\~ canibe converted !into:chromate ion Cr Oj 


Q9, How chromate.ions‘are converted into dichromate'ions?- 


Incan aqueous solution, CrO; and €r,O;" ion exist'in equilibrium. 
- 26nO,°+ 2H" === Cr,.0;)" +1H30 
When an acid is added ’in such,a‘sol. ‘then the H” ions from the acid increases jin its conc. According to/Le- 
Chatelier’s)principle, ifithe-conc. ofireactants increased’at equilibrium stage this willidisturbs:the position and!the 
reaction is:shifted in forward direction. Soin thisway, Cr. ©,” ions areiconverted|into: dichromate ions. Gry. O;" 
SS SS TVG 
PotassiuimiDichromate(K2Gr07)\(Sul 
Preparation i om a : 
1. K3CrO, is converted to K3Cr0; by using H)SOs. By adding an acid'to aqueous sélution of K2GrO, equilibrium: 
will shift in the forward direction ie., changing chromate ions into dichromate ions. 
2K5C1O, + H:SOj=——= KEN. + KO; + 20 
Sometimes-sodium dichromate is converted into:potassium dichromate’ by reacting! itwithiKGl, 
NajCnO;+2KCl=——> Kx€nO; + 2NaCl 
Properties 
PhysicaliProperties 


Itis an orange red crystalline solid 
lumelis at 396°C, 


Ivis fairly soluble in water: 
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KaCrOsasranOxidizingagent 

Dichromutes are very powerfii oxidizing agents, Oxidation is carried out in-an gee Solution: In this; 
hexavalent chromium ion is reduced te trivalent chromium ion, 
(a) Reaction with 4,5 a yA = 
K CLO, +4H,SO,-—>K,SO, +Cr, (SO}), +4H,0+ 3[O] 

3H,S+3[O]—> 3H,0+38 

peek le ee SS 
K,Cr,O; +3H.S +4H,SO,-—>K.SO, +€r, (SO, ); Bas 0 +38 


(b) Reaction with Ferrous Sulphate 
Potassium dichromate oxidizes ferrous sulphate to ferric sulphate inthe presence of sulphuric acid, 
K.C1.0, +7H,SO, +6FeSO, —> 3Fe, (SO,), #Cr,(SO,), #K,SO,+7H,0 
(c) Reaction with Potassium lodide | 
Potassium dichroniate also.onidizes KI inithe:presence of HjSO,, 
RCO, + 6K +7H;SO, --—>4K SO, + Cr, (SO,), + 
(d):Chromyl: Chloride Test 


When solid potassium) dichromate is heated with solid: metal chloride in the presence of concentrated sulphuric 
acid chromyi.chloride is-produced. 


KiCrQ, +4NaCl+ 6H,SO, —-> 2KHSO, + 4NaHSO, 


31. +7H.0 


: 4 2CrO.Cl, +3H,0 
Uses 


(a) KoCrO- finds extensive use indyeing: : . a 
(by cIhisusediinsleatier industries for.chrome:tanning: 
1) Itis used’as an oxidizing agent. 


This compound-is the’ salt Shacrnaneanis acid, HMn@3. iti isan niuinstatile acid-and exists on!y-in sdilition: 


Q: Describe the preparation of KMing,, 
Preparation of KMnO, ~~ os = ; —— = a 
‘ ow is SyBreR pared by acidifying. the'solution of: potassium manganate,: K.MnQ@, by H3SQ,. = 

3K.MnO, + 2H,SO, —-->2K.SO, +2KMnO, +MnO, +24, :O 


On a large-scale, it.is prepared ‘from the mineral pyrolusite, MnO). The finely powdered incr is ‘fused vith 
‘ROI inthe presence of air or an-oxidizing agent like KNO}, ‘or. REI: ete. hiss ‘treatment: wives) us green ‘coloured 
potassium:manganate, KaMnQ,; in fused state. | 


2MnO, + IKOH+0, 32K, .MnO, + 2Hi0 
MnQ, + 2KOH +#KNO;——+K,MnO, +KNO, +H, 20 
3MnO, +6KOH+ KCIO; 3K JMnOpt KEl4-3H5O 


Vhe fused potassium manganate Ks 3MnQ; obtained -as Bierce is-extracted, with. water -and the solution, .4 after 
Hltratians is: converted: into potassitim) Retmanganute) (Seine hy any ofithe: following methods. 


(a) -Stadelez’s Process: 


“Inthis method. (Cl: is,passedithrough the’g grech:solution of K>MnQ,-until it’ becomes, purple:due to: sie formation 
OPKMn@)) Flere Ch oxidizes: KMnO3 into! KMnQ3. 


2K,MnO, #El, = 2KC1+2KMnO, 


Broce . 
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(b) In:this process €Oz is passed through the green solution of|K2MnQ,. uiitili itbecomes purple. 


3K,MnO, +21 20+4C0, ——>2KMnO,.+ MnO, +4KHCO, 
(c) Electrolytic Oxidation'Process. 
In this process. manganate jis cony 


Vol KN 
aqueous solution-of K2MnQ,, water is decomposed to evolve’ hydrogen: gas. at‘the:cathode and oxygen gus atthe anode. 


Oxygen liberated at the anode. oxidizes magnate ion. (MnO,)* .into permanganate ion (MuO,)! 
liberated at the cathode, 


while hydrogen. is 


2K,MnO; +11,0 “{O]-—»2KMnO, +2KOH 


The purple solution of KMnO, obtainedas above is filtered through ‘asbestos, concentrated and allowed o 
crystallize when: KMnO, deposits as deép; purple-red rhombic prisms: 


Properties awh \/ 
1. Potassium permanganate forms dark; purple lustrous erystals giving deep Mi 
pink colourin soliition, 
«pe . : he 4 hese Sit Pon? ¥ 
2. Its solubility in water at:20°Cis only about-7% whileiit dissolves more al eat) 9 


higher. temperature (25% at 65°C). 


Seri 


Structure of permangnate ion 


sasianiOxidizing/Agent 
Potassium permanganate isa. powerlul’ oxidizing | agent. Oxidationi is usually carried ouvin anacid: solution. 
(a). Reaction -with:H,S ; 
ILoxidizes H2S to:sulphur. 


~ 


2KMnO, +3180, ——»K.SO, +2MnSO, ONG); 
*  5H,S+5[0]95H.04. 5S 

2KMnO, +3H,S0, +5H;S—K;S0, 4 2MnSO, +5S+8H.0 
(6b) Reaction with FeSO, 


Itoxidizes: FeSOx:to Fex(SO4);. 
2KMnO, +1 0FeSO, +8H. ear SO, +2MnSO, +5¥e: 0. ), + 81,0 


‘(c) Reaction with oxalic.acid 


It oxidizes oxalic acid to GO;,and'H30 on heating. 
: 2KMnO, +SIL.C.0, +3H;,SO, ——+K,SO, +2MnSO, +10CO, +814, x0) 


(d) Reaction with KOH 


When‘an:alkaline solution of KMnOy is ‘heated, Onis evolved. 
4KMnO, +AKOH—K, MnO, +2H. O+0, 


___ Atis-used: 

i) as:an oxidizing agent. 

0) asa: disinfectant and:a: ecrmicide. : 
(iii) in'the manufacture of"imany organic: compounds: 


jalls in atomic State or/in:any, ofttheircommonly. occurring 


ae a orf subshell 
Transition: elements:have partially filled! d/or-f'subshe 

oxidation states. 
Us B and III-B ‘group elements are called nor non#typi 


ical transition\elements. 


cried into permanganate by. electrolytic .oxidation: Daring electrolysis of an 
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: 7 ee aa ler iteemes. 
: : : ; sh Seige x Fenny aie Pe vay ; al eFeimtes ' : : 129 
Binding cnergies, melting points, paramagnetismandioxidation siates of transition: metals increase with iMereasing: || (b) oy transitions metal? : 


number of unpaired clectrons. ; (ii) f-Block-elements eee } = @ z 
Such compounds containing the compicx molecules or complex ions and capable of independent existence arg (a) non-typical transition = ci a 
called.coordination compounds or complex compounds, _? (c) Normal transition ; element 
Whea a complex ion absorbs a wavelength from visible light, it transmits a set of radiation that impart colour, (iv) Fhe strengthof elements 
Wrought iron contains 0.12% -.0.25% carbon while stcel contains 0.25% -2.25% carbon. 
. Chromate-and dichromate ions:exist in equilibrium :in.an aqueous solution, . 

Chemical decay of metals under the action of their surrounding: medium is called corrosion. It canibe Prevented by 
tin plating-and galvanizing. . 


€o. 
. (b} Outer-transition elements 

(d)'None is true 

depends.upon 

(b) number of: unpaired clectrons 

Ni elements contains ae ee peels 


binding e 
(a): number of electron Pai 
(c) number of neutrons 
9) Group VIB Of'transitio 
- | | : ‘ ' 
SOLVED OBJECTIVE EXERCISE | )_Whishis he tomata a oO 
a , Gea | hae CISE | (vi) uchiis theformula of tetraamingéliorg it Sten 
: + ni i e 
Fillin the blanks. : (a) [Pt(NH, )«(NO,)}SO, Bes ey, Rae 
ay The: property of paramagnetism is duetothe presenceof __ electrons, ; a (c)[PtCKNO, )(NH,), }SO, (b) [PEINO;CI(NH;), Jso, 
(ii) MnO; ionthas___colourand CrjOF has colour. nave (vil) The percentage of carbon in different ae ee 
: | é | hers Tenet ai isi 
(i) When: potassium chromate is treated withan acid _ is:produced, Beet id (a) cast iron > wrought irons stee} i nes oF ron products isin eOruccol, 
(iv) The d-block clements are located between _ and __block elements. : j és (c) Cast Iron > steel > wrought iri Oe ee ae 
(vy) Oxidation numberof FeiniK, [Fe (CN)e] is_ while inK[Fe (CN)g}itis rae (viii), The colour. of transition: metal Complexes is-dure ¢ Se aise Bie 
(vi) The presence of ____ ina metal promotes corrosion, © itn : e 


(vii) Sf copper isin contactwith aluminum, __ gets corroded. 7 a3 iS ya a permeate nature oft 
c ix Soordination number of Pin bPEc loss of's--electrons, 
@) 5 is i ; PCEL(NO) (NH;)j)* is 


.() 1 


Hergy ofitransit; 
AnSiION Cf 
ts ements 


'(d)'Mn,Te, Re 


ransition elements, 


(viii), Complexes having spd? hybridization'have shape. 
(ix)  Innaming,the complexes, all'the ligands are namediin 
(x) In an-aqueous solution CrO;7 and Cr, 07 existin:the form of 


[Ponies ormgsre _ Solved Exercise Ct 


The total:number of transition elements is 


10 LOVE 


AnswerKey. . (c) 40 


6) (vi)_| Impurities Zn'does not have a partially: filled d-orbital ‘either. as é| 


: ' I oxidation'st: itt wae | Patras 
(vii) (viii) | Octahedral ' a — u sate Soll i$ non-typical transition element, : 
—— ae a 1 cand Y are non'typical transition clameaie Rate 
abetica x : = and are non:typical transition elements, Rails not a travail — 
Ind T oe ee 2 = fi i ‘Go is a typical transition element. SoS notavtransition element But 7 
* Indicate True or false. : . " : = : Sotaitieat eas reat : 
(i) A substance which .is:attracted into'a\magnetic fieldiis said'to‘be diamagnetic. id i (b) Nu = == a = 
See : ee : ~ i mber:ofiun Hike ; are - : 
(ii), ‘Compounds of the transiticn clements are mostly coloured, ‘ es) (it electrons paired Greater the number of unpaired electrons, greater the binding energy. 
(iii) Fe*’ jons:are*blue.whenhydrated. : . 3 |  —————— = , ; 
(iv) -Amextreme:case of paramagnetismiis called diamagnetism. wet Ee Group VI'B ‘elements are typical transition clements. 
(y) Tiniplating is. used!to protect-iron sheets from corrosion fie ‘ a IPtis central metal atom an d GINO, and NE, ate gai = = 
(vi) _ Ingalvanizing:zine prevents corrosions of iron. Sy <a * = e ‘iron (©) Cast iron>Steel> | Wroughtiron is the purest:form of iron having — 
(vii), Viniplated ifon.gets rusted more rapidly.when the protective coating is damaged ‘thanitheiunplated iron. ‘Wroughtiiron || Rae oe nes : 
(viii) The name chraniontelligands in a.complex ends imsiffix, o. oc : i '@) d'— di transitions of || When  déorbitals:are involved in bonding, they split up “into WIGSHIETS 
(ix) Pig-iron contains greater percentage. of-carbon that steel. ; - : i ‘electrons : ione set'fias'a higher energy than the:other. Electrons, residina in) aoe aoe 
G9) Complex.compounds having dsp” hybridization\have tetrahedral) geometry. Sen | J. rn lorbitals absorbiaipart ofvisible light-and jump ‘to:high enerpy dtorbitals, ergy d= 
(Gl; NO; and NH; are monodentate ligands so donate 


True [in [trl i. [ tae | Go | Twe [ 60 | Fae | | 
Q3. Multiple Choice Questions.-Encircle the.correct:answer. ae ase 

(id Which of'the following.is a,non-typical transition element? ; 
> Gr. (by Mn 


‘|. £=Block elements. are inner-transition elements. 


. Answer Key. ne 


“ What ts Coordination Sphere? Give examples. 
Discuss Galvanizing Process. 
Define these: _ 
{a} Paramegnetism (b).Substitutional'Alloys 
Give the systematic names of these complexes: _ 

(a) K,| Cu(CN), | (b). [ Pt(OH), (NH,), [SO, 
What is: meant by- sacrificial: corrosion? j 

Under what conditions does ‘aluminiumicorrode? 

Why, damaged tin: plated Can:should'be avoided? 


Write chemical formulaiof: (i); Potassium: Hexacynao 'Ferrate (I!) 
What are chelates?’ Explain with. aniexample. 


” Why. transition:elements compounds are:coloured? 
What is meant by typical andinon-typical transition: elements? 
-Why most of the transition metaliions are: coloured? 


(ii) TriamminoTrinitro cobalt (II) 


“KMnO, is-a'strong oxidizing agent”. Support:the statement with two chemicalireactions. : 


What are interstitialicompounds? 
Why does damaged tin:plated iron gets rusted quickly? 
What-are 


(a) Co-ordination'number (b) Céntral:metal.atom 
Give systematic names of-the following complexes 

(a) Na, [Cok] (b) K,[Cu(eNn), | 

Why Ee shows strongest:paramagnetic:!behavior? 

Give two:methods of preparationiof K,CrO;. 


Why ‘transition elements usually show moreithan one oxidation states. intheir compounds? Se eS = 
‘d-block:sefies?” 


Why: the maximum:paramagnetic strength is associated with the middle elements of 
How does)the metallic:coating:prevent the corrosion? . ; 

Write the equation of chromyl:chioride'test' for KGI. z 

:Write two!balanced equations for the preparationiof K.Cr,O, . 


Write balanced |equation'in which K,Cr,0, oxidizes Klin the:presence of H,SO,. - 


’ For Answers study. = — 
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Scholar's SHEMISTRY 


_ More than 200 years 
differences in their orivin 


ALO, carly ¢ 
and properties, @ 
(i) Organic compounds (Old Defini 


hemists Separated 
hemical Compound 
a tion) 
© campounds obtained | ivi j 
pee, hed from fiving things, pl animals were considered’: i 

. Cg. Outer, cheese. cotton, sk, glugose-ete ieee cee 
(ii) Inorganic compounds . , 


‘ 1 he compounds obtained: from: 
mnorganic conipounds, 


- eg. NaCl, CaCOoH,S0; ete. 
Vital/Force Theory 


organic compounds from in 


organic: compounc tothe 
S are ofttwo:types: : pounds due’ tothe 


ants or 


Berthetor By henting 
\ (IXSh) furrtiiy: formate 


What is the importance of Wohler’s work-in the development: of organic chemistry? 
JR! Wohier’s work 7 


Fricdrick Wohiler was'a:German‘ chemist. He rej 


organic compound in:the urine of mammuls,:fi 
origin, 


This: theory was introduce iusi 
theory was: introduced by J:Berzelius in 1815 According:to:this-theory: 


“Or, rare ; 
fees compounds.can be manufactured only by-andswithin the 
8: things and these compounds can)never be synthesized from 


inorganic materials.in laboratory.” 


ee the vilal force theory. When‘he obtained urea (N13) COran . 
Mm ammonium cyanate.NHiCNO, a‘substance of. known: mineral 
: : a) : 

NH,CNO ==! (NII) CO 

: Ammonium cyanate. Urea ; 5 
Since:the synthesis of ili | oreani : y ; 

s esis ofiurea, millions of organic.compounds:have been prepar mnalweed! } 
3 - ay. ; Ipound repared and -analwed! Inithisavayiorsan; 

chemistry made:progress by leaps and bounds. - Se RUSayyoreanie 


Organic Compounds (modern Definition) 


“All those compounds whieh contain carbon as:an essential clement alon 
Sulphur. phosphorus, halogens. etc. are called organic compounds.” c.p..Glu 


| Q What is vital force theo? Who resend} 
. ) theory? Who rejec 
this theo? ese 
g with hydrogen, OXyeen. Titrogen 
cose. methane. benzene ete: 
oniie aie : : ear perR 4 a ny eee ee : hea - 
ie Mstorical and conventional/reasons.a few ofithe-carbon compounds such as CO; CQ}. carbonates, bicarbonates. 
Care studied as inorganic compounds, : 
lithe same way. diamond aiid graphite which are allotropes of carbon are-inorganic compounds. 
Mt als f ae rs fi i ic co : ini 5 
ht also has: been recounized that: the-chemical forces in’ organic compounds are similar to those, which exist, in 
F F t~' 5 ; 
horganic compounds. 


my) | Scholar’s CHEMISTRY ~ yyy (Subject; 5; 
: —— Sl (Subjective 


Chapter 7 (Fundamental Principles of Organic Chemist 


Organic Chemistry (Modern Definition) 
“@rganic chemistry is that branch of chemistry which deals with.the study of 
compounds of carbon and hydrogen (hydrocarbons) and'their derivatives.” or beeen 
“The self linking prope 
Carbon shows maximy 
is.essential'clementiog, 


Following:are some features of organic compounds. 
(1) Peculiar Nature.of Garbon 


(e} Carbon also: forms'Bends with'H, QON. § P. x 


_ GH, oy yl 

eH=Gn =CH;—CH; x ¢ GH;--GH,—GH;—CH, 
iso-Pentane n-Bulane : ; ie Chemistry. can\ fn een ee 

i i lace in ty. canihardly’ be:overe ‘ = ae 

=ah3 . Benzene - : rat cine @izyniest e? fae our own b y ‘emphasized, Almost:all:the chemical reactions that-take 

Carbon also forms.stable single andi multiple'bonds with other atoms like oxygen, nitrogen and sulphur, ¢te. It ean become dependent upon o : 
thus form:numerous‘ compounds of various sizes, shapes:and'structures. , , chemistsshave Iearned to 
(2)iNon-ionic Character of Organic Compounds : 4 textile fibre: 

Organic compounds are generally covalent compounds, because organic compounds contain carbon: Carbon ounds prevent the shortages ee 
belongs to fourth) group of the periodic'table andiforms bonds: by sharing. Therefore, do not give ionic-reactions. Seana 
(3) Similarity/in:Behaviour . , 

There exists a close relationship ‘between different organic compounds, This is,exemplified! by the existence.of 
homologous’ series: This. similarity ‘in behaviour has reduced: the study of millions of compounds to only, aifey 
homologous series. : : x = 
Homologous Series Pax ; : oa ‘eye ; 

A:groupiofichemicalicompounds whiclvare structurally alike and/have-Same. chemical properties. Ii)ajhiomalogous’ : > main: sources ‘ofvorganic. compounds. “frect : , 
series'two SReSNe members ofthe group differ from\each ithe by.a (~ CH3—),group or SaiRSS BF 14.amu: oa — Period ofttime, from the decay: ofi plants and animals. Bee eecistejcalied fossil fuels:and are 
The members ofialhomologous series generally have same; : oo Eoal ; 

(i) Generaliformula . afm? Te i “Coaliisa combustible:black or. brownish:black sedimenta 
(ii), ~Methods'ofipreparation ; : - >) fF  . Formationiof Goal. oie 
(iii) ~Chemical|properties . ae It'is' believed thatico. F manirenvact froma the: Pe ee 5, SSE TS By : 
(iv), A: gradual! change /in|physicaljproperties ; millions-years ago. Due to te acter and CueheaeS aaa hee cea cnust some 500 = 
Examples: Alkanes; Alcohols,-Ketones, etc. 9 : high temperature and'high\pressure'inside the earth crust: peat gotitransformed into coal Tami Then, asia.result of 
 (q)'Gomplexity-of Organic: Compounds. ties te as _— $bacterial &e chemical “high en gape BE : : 
Organic molecules are usually large and structurally more comipléx. For example, -starch has. the form reactions «* —__kemperatuife- pressure = pressure 
_ (Citt(oOs)q where n may. be several thousands. Proteins are very complex molecules having molecular masses rangi" Ree = eal ai pais Lignite —— Bituminous coal Anthracite so 
. from:aifew thousands\to,a:million. 3 ; and ios ay 
{5))lsomerism ‘ ’ Rs. ccateincens 
lsomerism is a very common phicnomenon.in organis compounds. Very ofien more than one‘com 
representediby the:same molecular formula, However, they have ditlérent siructtiral formulas. 
(6))Rates of Organic:Reactions : , - 
The reactions of organic. compoundsiare slow and in general, the yields are low “The ‘slow rate of the'ore™ 7: 
reactions1s due'to\the molecular nature ofiorganic conipounds.. | i : i 
(7)‘Solubility, - ‘ ; 
__ Most organic compounds are insoluble in Water and.dissolve readily ‘ih non:polar organic solvents: 
benzene. /petroleumcther, etc. 8 ; ’ : , 


ry: rock usually occurring ini rock strata” 


. 


sands 28 Goal is.an:important:solidifuel'and'becomes a source of organic:com ‘when subjected to carbonization « 
pound eaenveaeal ees us Han g pounds when subjected !to carbonization or, 4 


Carbonization (Destiuctive Distillation) of Goal 
i “\Vlien ‘coal! is‘heated/at high temperature:(500-1000°/C),in the absence 


suc oftair. itiis converted intocoke,.coal’gas and coal tar™. 


134 


SS 


Chapter / (Fundament 


,Ccoke 


Carbonization / = Fractional 
a Ceal ta ————--——~_ about 2 


or destructive distillation distillation 


Coal 17 aromatic compounds 


‘Coal gas 
Coal tar contains a large number of aromatic organic compounds, 
distillation. 
Uses of Coal 
The total coal resources of Pakistan are estimated by the geolonicil survey of Pakistan to be 
Following ure some uses of coal: 
(i) About 80% of this ceal is used to bake bricks-in lime kilns. 
(ii) Some quantity is used for domestic purposes. 
Development of Coal in Pakistan 
Conscious cfforts are being made by the government to induct coal into industry by setting up. coal! based powe 


units. The Sind Coal Authority and the directorates of Mineral Developments of the Punjab. Baluchistan and'NWEP ar 
all keen to expand coal utilization in power gencration for which many incentives have been made available. = 


which separate out on fracas 
Ona] 


184° billion tonnieg 


— 
ave 


“A gascous mixture of low boiling hydrocarbons which mainly composed of 
methane is called natural gas”. 


Composition: 


Major portion of the natural gas is methane. Others are-cthane. propane and:butane. A small amounvof GG; Ny 
HS and:He are also present in natural:gas. : ‘ee 


Formation: : 
It is also formed by the decomposition of organic matter. 
Uses of Natural Gas 
Natural Gas is an important means of energy especially for countries ike Pakistai, which afe deficient inthe 
production of mincral oil and coal. It is used: f 
(i) for power generation. ; 
(ii) in cement and fenilizer industries. 
(iii) as a fucl in general industries 
(iv) for domestic. purposes 
(v) as CNG and LNG for automobile fuel. 


"Mineral oil insits refined iformiis called |petroleum”. 
Formation of:Petroleum 


Mt is thought to have been formed by slow chemicaliand biocli@mical deconsposition of the remains ‘off organie 
matters found between the sedimentary rocks; When: extracted, fror 


rity iteieel? a m rockSsit appears like a liquid of blackish colo 
knownias crude oil. [tisirelined to:get differentipetroleumifractions: : 


Fractional Distillation of Petroleum Qa Name the 
or Sz ile crude petroleum is separated by fractional Gistillition into.a number of fractions which Be 
fractions each corresponding to. particular boiling range, obtained iby 
> aie Fractional’ distillation é 
BICR <9 FCR of'Petroleum: 


al Principles of Or a : 
a Bante Cha pe 
Misty | 
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f 


| Principal Fractions Obtained from Petroleum 
Sites teraction’ ~ ~‘BoilingPointRange(*c) 


Se 


cemat Composition 

as  CHeCiHia ; iFirel: Re ROCHeTTICHIS? = 
CsHyo. CoH 
CeHis, CoHis 

€sHic-CisHx mostly 


C.Hys-CaHis 


Solvent 
Solvent, raw material 


Motor fuel 


Asphalt. or petroleum coke 


Solids | Residue Roofing, paving, fuel 


reducing agent 


Oil Refineries in Pakistan : . 
At present four oi! refineries are in operation in our country. : 
¢ —Qne oil refinery Known as Attock Oil Refinery is located ‘at Morgah near Rawalpindi. It has about 1.25 million tonnes 
oil refining capacity. ; : - 
© ‘fwo oilirefineries have been established ‘at Karachiwhich‘have about 2.13 million tonnes of oil refining capacity. 
e  Pak-Arab:refinery is located at Mahmud) Kot near Multan. 


Qio b 
Gracking (Py! 


Write a-short-note on cracking of hydrocarbons. 


“Thermal decomposition of higher hydrocarbons having high boiling points 
into variety. of lower hydrocarbons, which are more volatile (low boiling) Is 
called cracking.” : 

Example f ie following reaction 

* A higher hydrocarbons yal ls: (liexadecane) ‘cracks according to the following reaction: 
Heat . 
t 4y - +——_——. 
CioHs1 ure 
_ ‘Heptane Ethene 

€ bonds in!long:chain alkune molec 

composition ofithe: products depen 


Chie + 3@Ha = CH? + CH3 — CH= Cha 


{ - Propene 
Hexadecane Pp 


This.is: the process: in which C- 
ofboth alkanes and alkenes. The 
lakes:place. 
Types of Cracking 
Cracking is generally carrie 
(1) Thermal Gracking 
‘Breaking down dlilirge molecules'by’ 
Nature of Product: 
Itis particularly usefullin the: 


ds on'the condition. under which the cracking 


doutin the following ways: 


licating atlhigh'temperature andipressureiis called Thermali€racking, : 


D Pry 3 Prorat I ne a ip ‘open. 
. y; # 7 dihvdr Aarons such as;cthene a nd r ¥ 
Ka uclion ofiunsatur sited! ac rl 

pr id i } c 


les are!broken: producing:smaller molecules 


Chapter 7 {Fundamental Principles of Oreanic Chemist, 
Catalytic Cracking ; : | 

Higher hydrocarbons can be cracked at lower temperature (500°C) and lower pressure (2atm), in-the preces 
of a suitable catalyst. A-typical catalyst used for this purpose is a mixture of silica (Si@2) and alumina(Alo,). 
Nature'of Product: Stent ad 7 
Catalytic cracking produces gasoline of higher octane number. This:method is used:for obtaining better aug 
gasoline. ° 


Steam Cracking 


\ 
| 
| 
| 


In this process; higher hydrocarbons in the vapour phase are mixed’ with steam, heated for a short: duration to 


about 900°C andicooled rapidly. 


Nature of Product: _ in 
the process is sui “obtaining low rated hydrocarbons. 
ine BROceSsiis suitable for obtaining lower unsaturated hydrocarbons ©. Why there is need of cracking 
Need of Cracking ca ea : al 


(i) The fractional distillation of petroleum yields only about 20% gasoline. Due to its high demand this supply, is, 
augmented by converting surplus supplies of less: desirable petroleum fractions such as kerosene oil: and gas oj] 


-into)gasoline by a:process called cracking. 
ii), Besides increasing the yield of gasoline, cracking fias also produced: large amounts of useful'by-products, such as 
ethene, propene, butene and benzene. These are used: for manufacturing drugs, plastics, detergents, synthetic 


fibres, fertilizers, weed'killers and important chemicals like ethanol, phenol‘and‘acctone. y 3 


“The sharp metallic. sound produced when: low quality fuel burns in intemal 

combustion engine is:called knocking.” ; 
_ The'gasoline fraction;present'in petroleum is generally not of. good quality, Whenvit‘burns:in'an: automobile 

engine, combustion canibe initiated before the spark plug fires. This)produces a'sharp.metallic, sound called: knocking, 

Knocking greatly reduces the efficiency ofian'engine. z 

Octaneinumber 


a che eerhncteaeonme hwnd | 


“The percentage of branched chain hydrocarbon (Iso-Octane) '-in ‘gasoline 
; fraction’ of petroleum is called'Octane number.” - ae 
“o A fuelthavinghigh'@ctane number* 
(a)iis less ‘likely to produce:knocking: 
(b)!burns smoothly ‘iniintemal combustion engine 
(c):increases the efficiency of engine: - + ne 
© _|so-octane (2,2;4—Trimethy] pentane) has:been-arbitrarily given'an octane:number. of 100 while n-heptane has given 
an octane:number zero: so » - 
Improvement: of Octane‘number- 2 


Octane'number. ofigasoline can|be.improved by various:ways: Cétane number: © 


i Reformin pea 
: ey ai Aroratization It is useid to deter 
(iii) Blending with TEL ad the , quality of die 

(iv)  Addition‘of aromatic compounds(BTX) ‘oil: i yl 


Q.11 Explain reforming‘of petroleum with the:help of‘suitable example? = ye eS 
Ans. (xeuel ing! , 


“The thermal: conversion of straight’ chain) hydrocarbons into branched: chain. 
hydrocarbon in'the absence of oxygen (air) andsin the presence of-aicatalyst is 
calledireforming”. - -_ ' : 


n) 


- (i) Open Cinain or Acyclic Compounds 
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T(Subjective) 1437 
ie CH; 
CHy—.(CHi), —CH, HS, cH; ¢ __¢ | : 
aes TG CH; — € —CH, — cil — CH; 
: CH 
~ 3 


an : Pn 2)2,4:-Trimethylpentane (Iso -octane), 
Une This methodiis usedifor improving octane number. of asoline. 


"1a. What Is TEL? Describe: lts:role as|knocking.inhibitore Or Hi EL i b 
j r How TEL y 
vets dkairees w TEL improves octane:number. of gasoline. Also 


J Tetraethyllead (TEL) 


The cetane number of a poor fuel can also be improved by ‘blending Jit with a small amount of additive like 
tetracthyl lead (TEL). Tetracthiyl lead((C)Hs)4Pb, is an‘efficientantiknock-agent.. 
Disadvantages of TEL 


TEL has one serious disadvantage; its combustion praduct, lead oxide, is'reduced'to metallic!lead which is 
discharged ‘into the aifithrough the exhaust-pipe and causes air. pollution. It causes:blindness and! mental 


retardation :in:infant children. A 


. 


os : => ° = 
Qa. How organic compounds are classified?. Give sultable example of each:type. 


———- ——— 


GUASSIFICATIONS OF ORGANIC COMPOUNDS 


‘There aréomillions of organic compounds. It is.practically not possible to study each individualicompound: To 
facilitate their study, organic compounds are. classified|into various: groups and'sub-groups. They maybe broadly . 
classifiediinto the following classes. ' 
(i) Open chain or Acyclic compounds. 
(i). ; 
This type of compounds contain an open chainiof:carbon/atoms. The chains may be ‘branched: or -non-branched 
(straight chain). The open chain compounds are also called'aliphatic compounds:, ~ - 
* ‘Straight Chain (or-non- branched) Compounds 
Those organic compounds in which'the carbon atoms are connected in series from one to the other. 
. GH; —CH;— CH,— CH; H2C= CH — CH; — GH; 
n-Butane 1—Butene 
-* GH; CH; —CH; — CH: —OH 
|= Butanol’ 


” Branched chain compounds 


Those organic compounds:in which the carbon atoms are attached‘on the.sides ofichain:._ 


: CH;—C€ = Clh ie ; 
°H; —CH—CH Te hes rest: “ft 
€H3 H > CH; GH. Gn) i 
: 2-Methylpropene 
- GH3 hey : CH; 


2-Methylipropane 


(Iso-butane) 2,2-Dimethyl propane 


(neo-pentanc) 


Ven : +- Compounds : 

(li) Closed Chain Compounds oF eer Ser ic and are known'as.cyclicior ring:compounds. ‘These are 
: dichains.oritl ral 

These compounds'contain closed:chains 

ofttwo:types; ; = Fp 


Closed chain or Cyclic:(oriring), compounds. 7 a 


(a) Homocyclic or carboeyclic compounds 


(b) [leterocyclic compounds 


ORGANIC COMPOUNDS 


2 vo 
Open chain (acylic) Gyclic | - Ee 
_¥ v 
Straight Ghain- . Branched Chain Homocyclic Heterocyclic 
; - (Carbacyclic) 
Alicyclic Aromatic 
Saturated Unsaturated 
Aromatic Non - Aromatic 


-Q.5  Whatare homocyclic and heterocy 
Ans. [Homocyclic;ionGarboeyclic Compounds 


Ais: 


“Fhe compounds, in which the ring. consists of only carbon.atoms, are called 


homocyclic or carbocyclic compounds”. 
Homocyelie or carbocyclic compounds are further:classified as: 
(i) Alicyclic compounds (ii) Aromatic compounds 


(i) Alicyclic Compounds — 
The homocyclic compounds which containia ring ofthree-or more ¢ 
andiresembling aliphatic compounds,are called alicyclic compounds. 
cloalkanes)‘have the:general formula C,H on. 


MEQ's 

The -general formula of 
cycloalkane ‘isa similar’ 
as-that of e 
(a)'Alkane (b)‘Alkene: 
(c)Alkyrie (@)/Alcohol 


arbon atoms 


© ‘The saturated alicyclic‘hydrocarbons (cy 


Examples: _ : 
| Se tera ZR 
7 a ; 
GH: H,G—GH, H;C GH, 
SS H:G. SCH 
/\ ll i= 
H.GE—CH, H,C—CH, -HC—CH. _ GH: 
Cyclopropane Cyclobutane Cyclopentane Cyclohhexane, - 


aloms;present-in these compounds may be substituted ‘by other, group or groups. 


® Q@ne or more: hydrogen 
drocarbons (cycloalkenes) have the general formula Cyl sy: 


o The unsaturated alicyclic hy 


Examples: : 
eB = z 5 - CH, 
2A 
HCC ‘ = * 
x H,G CH 
SZ 
H.C —CH, GH; 
Cyclobutene® _ Gyciohexene a 


(ii), Aromatic'Compounds 
These:carbocyclic compounds contain at least:one benzeneiring, 


‘ : Hcicon (six carbon atoms with three alte 
single bonds) ts called ‘aromatic compounds. : 


Chapier 7 (Fundamental Principles of Organic Chemis 
anic Chemistry), 


mate double a 
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Examples: : 
(a) 5 =i ; = 
* 
ue 
cai Zi Nest 
if / 
| Gt 
H=¢ C-H = @ 
Vea 
: — 
H Bonzene 
T oH atic 
(b) he wromatic compotinds may havela sidesehain onal let 
) - naifunctional‘group attacl i 
hed to‘the ri cor, g 
\ on i ng. Forexample: 
BS ; 
dluene Pnenel Geneaidehyae. — Nitrabenzene: 
(3) The araniatic con) 
] ay i i 
| pounds may also,contain more than one benzene rings ‘fused: together, 


Naphtha’e Anthy Phenanthre: 
ophihaene Anthracene: enanthrene 


~ (b) Heterocyclic Compounds: 


The compounds:in wi ic "CO ts, of atoms 0. more than one ga I d 
) 1 1} h the-ring consis' it 5 CYCHC 

heteracycles ln } cte = ; fi J n kind are Il di 1 i Pp S$ or 

: : c hetero compoun 

Sl Iphur (S} 1 : LECOE) clic ¢ nipoun S eg crally one or more atoms‘ of: clements such as nitroge: { y : 

lot ‘ 0) d cn Ss nit pi n (N); OX: gen (QO) :or 

“ys > - I - 

8 H he atcm other than carbon such aS. N, OF orS, present mithe ring/is called aihetero atom 


According to. Huckle 
rule, pyridine, Furan, 
Pyrrole, Thiophene etc. 


Board Questions: 
Q1. Differentiate be 
Q2. - Differentiate between alicyclic and aro 


— SAG QD 


tween homocyclic and heterocyclic organic compounds? 
matic organic compounds? 


Ans; 


-. “An atom: or a group of atoms or 2 double ‘bond or a triple bond whose 
presence imparts specific: properties: to organic compounds is called a 
‘functional.group:” - 


N ss 
i i are non=benzenold, 
: ‘Pyndine Furan-- .Pyrrole ~ Thiophene Quinaline . - ‘ see seeeaies 


eo ‘They-are the chemicaily functional parts of molecules. _ 
defines an organic family. 


Bose 
m 


eS 
0. 


eon ik ee 


Triple bond 
CH;-GH,-Ch -  ~ 
Ethyl chloride , 
CH;-CH2-OH 
Ethanol 


‘CH,-CH3-NH; 
Ethyl amine 


Halo: (fluoro, chloro, 
bromo, iodo) 


CH;-CH2-O= CH=CH). | 
Diethyl ether 


| Acetaldehyde 
GH. 
S 


| Ketone or alkanone 


C=0 
> 4 7% 
CH, 


'| Acetone 


“Earboxylic acid (or alkanoic 7% 
acid) Nae 


},Acéticacid 
©: - 


“\Acidthalide ar 3 
|cH—e—El 5 
‘| Acetylictiloride. Bs s 
ili e© 


‘| Acidiamide 
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O 
4 
-¢ 
“ocr, 
J Bicthyl acetate 
|) Cl-Cis-sH 


“T Alky! cyanide or Alkane |) 
nitrile 


GH: 


‘Thioalcohol or Thiol 
CH; —C=N 
‘| Methyl'cyanide 

|PGsHsNO. 
Nitro.benzene 


What is orbital:hybridization?/Explain'Sp’, Sp?,-and-Sp modes: of-hybridization of carbon. 
Hybridizationiof Orbitals andthe Shapes ofiMolecu(e ——o 


‘Nitro. compounds. 


Although the most stable electronic configuration: of a varbon atom, (having: two pantally: filled’ 2p orbitals) 
requires it to be divalent, carbon is tetravalentiin the majority. of its compounds. In.order-to explain this apparentanamoly, 
inis assumed that an electron, from the 2s orbital is promoted to «in einpty 2p; orbital. givingithe.clectronic configuration: 

Ground state electronic configuration of'carbon = 1s?, 28°, 2p',, 2p',, 2p” : i 

Excited state electronic configuration oftcarbon = 18>, 28", 2p". 2p',, 2p', . care 


The excited: state configuration can explain the. tetravaleney of carbon but these four valencies will not be 
equivalent, Orbital hybridization theory has been developed to:explain the equivalenttctravalency oficarbon. ~ 

According to this theory the four,atomic. orbitals oficarbon belonging to .valence-shell:may be mixed inidifferent 
Wways:to explain the' bonding and shapes ofmolecules formed'by carbon atoms. ; 


: "bic ie 


PELaIZ 


In order:to explain the: bonding. and'shapes of molecules-in which carbon is attached with four atoms, all these 
four.atomic orbitals are mixed'together:to give rise:to fourinewicquivalent hybridiatomic orbitals having same shape and 
energy. This mode. of hybridizations called tetrahedral or-sp” hybridization. ; 


Z 


Which are 
XY represenied 4 
asthe wt 


Four sp' hybridized atomic orbitals 


All:these four sp* hybrid, orbitals. 


Space ive a iedrali ciry, ; fat 3s °: . ae . Satter 
pelveulteiraheura pareoean bonds with other atoms. these hybrid orbitals overlap with the orbitals of{these 
When a:carbon atom forms Sindis 


NT ins! i t ec ds in 
Th e of dization explains the bonding and shapes of all\ those compoun 
Aloms to form ft igma:bond nis type of hybn = 

our sigma: bonds. mT 


Which carbon atom is-saturated. 


ve degenerate (having equal energy) and are directed at anvangle of 109.5 in. 


; Methane : Ethane 
In the formation of methane. the four hybrid atomic orbitals:of carbon overlap separately with four Js 
orbitals of hydrogensto-torm four equivalent(@-H bonds, ‘The shape of methane is tetrahedral. All'the-four-hydrogen 
donot liv inthe same phane. : 
AMtomie orbitals of slightly different energy mix up:(iie. one s and three p) to give four sp” hybrid (degenerate 
orbitals which has-same-cnergy and-shape is.called-sp' hiybirdization, Itexplain the-shape and'bonding-of the-molecules, 
Iniethane, CH)-CHg, the two tetrahedrons ofeach carbon are joined together, Further addition of aicarbon atom 
with ethane. will meanithe attachment ofianother tetrahedron. 


atomic 
‘atoms 


Qa. Fromiwhere does the energy come to excite.theicarbon atom? 


The answer to\this question:is simple. Before excitation the carbon shouldimake two covalent bonds releasing an 
adequite amount of energy. After excitation: however. it will form four covalent bonds releasing, almost double ith 
amount of energy, This excess energy is more thanithat neededito:excite the carbon:atom. So aitetravalenticarboniatom js 
expecteditoihe more stable than a divalent carbon atoin. 


In order to explain the bonding in unsaturated compounds, two more modes of hybridization: have ‘been 
developed, - 

The structure of alkenes can ibe explained by:sp* mode ofthybridizaton: Inithis:-type one 2s andtwo 2p orbjtals of 
carbon are.mixeditugether to:give'three equivalent and coplanar sp" hybridized orbitals. ; ; 


vA 


combine to generate 
three'sp” hybrid orbitals 
Z 


whichare 
represented 
asthe set 
| y" y 
= ¥ : ; = seal Berit ie 
Each sp” hybrid orbital‘is directed from the centre ofan equilateral triangle to its:three comers. The bondiang 


; ~ = —* 3 pega a thys 
between:any two sp’ hybrid orbitals is’ 120°. The’ uhybridized 2p;-orbital will: remain perpendicular. to theitriangle 
formed: . ; 


wate Z wa ac? ochital of 
In\the formation (of ethene-molecule; iliree sp* orbitals ofieachi carbon’atom overlap separately: with sp’ Ca 
another carbon and Is orbitals of: two hydrogeniatomis to form three oibonds, This.gives rise to\what'is called'the eal 
work of ethene molecule. The. unhybridized orbitals. ofeachicarbon atom willithen overlapiin a)parallel-fashion t° 
m-bond. . : 2 


The: structure of 
type one 2s and one 2p 
orbitals, These orbitals have allinear 


be explained! by 
the'carbon atom mix to 
shape.with albond angle: 


alkynes:can 
orbitals of 


yet another mode of hybridization called'spihybridiz 


of hy cation, Inithis 
gcther to give rise to.two degenerate sp hybridized atomic 
180°. Fs 


combine ito. generate 
two:sp orbitals 


which are . 
represented 
as'the set 


The two unhybridized ‘atomic orbitals, 2p,.and 2p,, are: perpendicular. to these sp hybridized ‘orbitals, 
Ethyne:molecule:is‘formediwhen two sp hybridized‘carbon atoms join together. to from\aic-bondiby 
sp-sp overlap. The other sp orbitalis utilized to form'a‘o- bond with 1s orbital ofthydrogen atom: 


Ss 
a 


Formation of mtbonds 


Formation of bonds 


Space - filling model 
Formation of ethyne 


The two unhybridized ip orbitals ona carbon atomwill overlap separately with the ip orbitals of the other carbon’ 
om 10 giveitwo m-bonds bath perpendicularito the o-framework of ethyne. The presence ofia.c and‘two m:bonds'between 
Wo, carbon toms is responsible for shortening the’ bond distance. 


Q.7__Why is ethene an important industrial chemical? 


ng Importance of/Ethene 
Ethene iis used = “ 
(i) For thie manufacture of polythene; a plastic materialtused for-making.toys, cables, bags, boxesiete, © = -<~t* 
(ii) For-artificial’ripening of fruits. ; Saciatals 
(iii) As aigeneral anaesthetic. 
(iv) For preparing. mustard gas. 


napter 7 (Fundamental Principles of Or 


Laue Chemisty 


sa Mathing omer tor a large number of cheniicals of induswial use suchas eiycols (amitreeze 


“71), thy 


ie nad ans} theahel ete, 


aaah te sires 


Q.ig  Expisin the tyge of ‘bonds and shapes of the following molecules using hybridization approach, on approach 


CH, Gn, CH; =CH, CH = CH/HCHO, CHiCl 
Re (i) Ethane (HC —cH,) 


Central atom = € 


C= 15", 257,207, 2p', 2p. (Ground state) 
sC = 4s", 25’, 2p'.,2p',, 2p, (Excited'state) 
. ' i q 
C=", sp’.sp’.sp*.sp" (Hybridized state) 


: O-bond 
band 


(ci) Ethene (H,€ = GH;) 

Central atom =¢ ‘ 
(Ground state) 
(Excited'state) 


C= 1S), 25',2p ., 2p), 2p° 
215" 25,29", 2p", ,29', 
Hybridization:.5p” 


+ 4 v a 
€ =1s",Sp".sp",sp’.2p, (Hybridized state) 


Bonding: 


(ili)= —-Ethyne(HE =¢H) — : Pee ane . 
Gentralatom=€ 
6 = 15", 25”, 2p', ,2p',, 2p°, (Groundstate) 


oC =15;,,2S:,2p'2,2P'y,2p', _(Exeitedistate) ees 
Hybridization: sp’ o 


ey that 1 
s€ =157, Sp:Sp, 2p,.2p, (Hybridized state) 


at EY rt 


Sehok: ms olir's CHEMISTRY 


oe 


__ XW St Subjective) 
ae RRA 
Bonding: 


(iv) Formaldehyde: y— I Hq 
Central atom =¢ 


sC = 157, 3 
2 oe: Hing (2? 1 Oph " 2p? f (Ground State) 
= 5! r2 I, 2p', 2 i 
te p', (Excited state) 
G=15,§p? gn? 2 On 
= ‘SPUsp 2p, (Hybridized state) 
20 =157, 25’, apt . 
gO =15’, 27.4 2p;,2p! 
Bonding: 
Hes H T-bond 
~& = =6 
HO ga 
O-bond 


(v) Methyl! ‘chloride: CHCl -—— 
€entral atom = ¢ 


eG = 157,257, 2p! 2p. : 2p?, (Ground State) 


6€ = 187, 25', 2p',, 2p! wre, {Excited State) 
1 1 


eC =15°, sp \sp.Sp'so? 
Gl = 487, 25”, 2p°, 387, 3p” 
vGl= 157, 257,2p°, 357, apt, apt 3p’, 


(Hybridized state) 


Bonding; 


CE 


EsnemAlkanes MEN INO\Hsomer< 7 
' Methane, Ethane, Propane S) 
Butane (C,H) 


Pentane (GiH.,) 


" Hexane (CH 


“Two or more compounds having the same molecular formula 
but different structural formulas and properties are saidito be isomers and 
the phenomenon is callediisomerism.” 


© The structural formula of a compound shows the arrangement of 
atoms and bonds; present init. 


' Octane (GH) | 
" Nonane 


© Theisomers-have different physical properties. 
aa pal ee! 
Tiypesiofilsomenism 


(1) Structural !isomerism 


more than 4 bilfong 
(G.Hsi) 625 Trilions 


(2) Geometric Isomerism ‘Tetracontane_ 


(a)/Structuraliisomerism 
The structural isomerism arises due to the difference inthe arrangement of atoms within the molecule; ‘The 
structural isomerismicanibe exhibited\in five different. ways. These‘are: 
(1) The Chain: lsomerism 
This type of isomerism arises due toithe difference inithe nature ofithe carbon chain. 


Examples 
GsHi2: Ch; te 
_ CH: —CH—CH;—CH, | 
| CH; —€—GH, 
Clk -— Ch -- CH, —CH: — CH; CH, ame 
(n-pentanc) 2-Methylbutane (lsospentane) 5 ‘pietiytaropane(N esse 
G;Hs: 9 H3@ — GH = GH, pr 


Propene Hic — CH, 


Gyclopropane 


(2)/Position isomerism 
Hhis wpe of isomerism arises: due to'the difference in the position of the same functional! group:onithei carbon 
chain. Fhe arrangementoficarboniatoms remains the same. 


Examples 
G3HSGl: GH3- Ch - GH; 
"GH, ='Ch ~ CMs I ; 
1 — Chtoropropane Gl 
2 Chloropropane 
{ 
Gig: GH: ~ Cl — CH= GH CH: —CH=(Gh)\— CHy 


i Butene 2 —Butene 


(3): FunctionaliGroup\!lsomerism 
1 F . : : caste fonction 
The compounds having’ the same molecular formula but different functional groups are saidito exhibit funcl! 
groupiisomerism. 


Chapter 7 (Fundamental Principles of Organle Chenin, 
as Shemistey) 
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“these carbon atoms) uct fixed and gives rise to cis- trans'isomers. 


(Subjective) 
Examples S 
GHeO: CHs~O~@H, : bikonmalay: ira 
Dimettiy! ther CHi~CH}-OH |) CH, T aero ae 
Ethyl alcohol 4 i 
on ylialcoho Alkadiene and alkyne; cycloatk 
i Alcohol, ether si 


GH: CH, — GHG 
Propanaidehyda CH;—¢ — CH; 
* Propanone 


Aldehyde, ketone 


‘Acid, ester, hydroxy aldehyde. and 
_ hydroxy. ketone 


'(4)\Metamerism 
This type of isomerism ari 
aa arises: due tojthe inequal distribution of carbon atoms: o 
5 Such compounds'belongito the: 
5 Hvis due to:the;presence ofidi 
ldiffcrenti { ; c 
is OG aan pas ntalkylgtoups attached|to the'samejpolyvalent: 
Examples 
GH: CHr~ Clh—O ~ Ei oGH, 
Diethytether 
G;HioO: GC 


n either side of the functional 


Same homologous series, 


functionaligroup or. atom. 


Cy -~O- CH) GH ~ Ch 
Methy!-n=propy] ether 


(0) 


om I 
CH: SCH, —@ — GH. G4, cn GH Ch GR: 


Dicthyliketone Met hiv Hiket 
ry ne Methyl-n-propyliketone 


(5). Tautomerism 
This type ohisontcrism-arises due:to shiftin 
Examples 


2:08] Proton:(H )iffomicne atom to-other-inithe sameinolecule 


sor "606 
ip, == R - GN, ey oe 
h 
! | 
Amino acid Zwitterion 


OH 
: CH=CH === CH=E =H 
Acetaldehyde ne Vinylatcohol ; 


(b)IGis-trans isomerism (Geometric lsomerism)| 
“Those compounds which possess the same structural formula. but differ with respect to die positions -of tlic 
+ iS ONS ae 


identical nD: j j ( ( S 
froups in ‘space are called’ cis-trans OmMers and the phenomenon 1s (known as Grane rt i 
ison) cris.” P = Own as the CIS-UANS OF ecometric, 


be Tivo:carbon ‘atoms joined by a'single/bond are capableofitree rotation about it, However. whenitwo:carbon atoms 
© Joined iby aidouble|bond, they cannotirotate freely. As:airesull, the:relative positions:of thc various; eroups:attachedita 


Necessary: Conditions: 
att _The necessary and sufficient: condition for aicompound to exhibit: geometric isomerism -is that the two! groups 
Achedito the same carbonimustibe different. | 


Chapter 7 (Fundamental Principles of Organic Chemist 


Examples 
c come 
C,He: - ae / a \ oe 
G=G c=¢C 
/ ss / \ 
H H CH H 
Ore? -Butene Trans-2-Eutene 
- : GH. - CH CH H. CH, 
CcHyo: \, v4 aN / 
C=C [oj G 
if \ / \ : 
H H H.C - CH; H ’ 
Cis 2 Pentane Trans-2-Pentene MCQ's - 
Which of the following will 
‘ show geometrical isomerism? 
: 31; Br Gl Br GH. 
G,H,Brel: \ / \ / : (a):C,H;Br 
yc ='¢ Pp = R (b) CH;(COOH), 
H i CH H ane Cl (c).(GH), (COOH), 
(d):C;He 
1-Bramo-2-chlororpopene 
© Inthe cis-form. the similar groups lie on the same side of the double bond. 


Q. 


Necessary’ Conditions 


Inthe trans-form; the similar. groups lie onthe opposi 


te sides of'the double bond. 


‘The reunion of we carbomatoms.joined|by a double:bond could:happen only ifthe 


This ordinarily costs too much energy, making. geometric isomers possible. 
metrical isomerism? Or 2-Butene does show cis-trans 


a bondibreaks. 


Why is restricted rotation: necessary to show the geo 


isomerismibut1—Butene does:not. Give reason? 


The necessary and sufficient condition for a compound to exhibit geometric isomerism is that the two)groups 


attached ito the same. carbon must be different. 


ON yi \ jets 9, : Vid 
ec =C c=e¢ ac 
@! \oH.— cH. @/ Ny u/ \@) 


Cis-2-Butene Trans-2-Butene 


H\iC—CH=CH—CH. 
2-Butene : 
—Butene doubly bonded carbon atom contains two similar atoms attached to 


cisomerism, Onithe:other: hand 2—Butane does show cis-irans isomerisin._ 


d'a free rotation-around)a single bond? Discuss cis- 


H,G=CH—CH,—GH. 5 

1-Bulene 
The above structures show that in | 
one side so unable to show. ecometri 


Why there is no free rotation: around'a double bond an 
A: single:bond 
ensityfis-fomme 


transisomerism. = 


‘each other by.a.sigma bond. the hybridization is-Spi- 
formed !by the linear overlap.ofisp” orbitals of two carboniatoms.-Ducsto which asigiaiclectron} 


two nucleiandithe groups attached to each carbon‘are capable of free rotalion:, 
1s 1s : 


Whenever-two carbon atoms combine will 


hetween the 


is 1s 
While in double bond the hybridization state is sp. A double bond contain a sigma and a pi bon 
electron density is between the two nuclei while the x electron density is formed above & below the line 


4. Asis? 
joiniae 


ni) 


's CHEMISTRY x16... 
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Scholar 


) 
the two nucleiiwhich ¢ - 


4 auses hindrg . 
a double bond. es hindrance inthe movementiof 


attached | T i i 
a edigroups. Therefore. there is no'rotation around 


oo 


6 Writeth eel 
Q.6 Write e the structural formulas of the two ; ; ; 


mal (i) ~~ GH. possible isomers of G,Hjo. 
Ans (i) 3 CH, — GH, —GH, (ii) CH, 6H = CAH 
| 3 


CH, 


n-Butane 
iso-butane 


1. Chemical compo 
unds ‘were classified as organi i (0) 
ee es jessica as organic and inorganic compounds. based upon. their origii i 
2, I\vas thought that organic co ing things were as inorganic compounds:are obtained |from mi ealsciee 
3, Oreanie Chictnistiy es mpounds could notibe synthesizediin the} laboratory tromii eae 
\ sostialithe nee eat maedtys defined as the chemistry oficarbon compound A ass ieee 
é M ‘the commercially important com} ¢ ‘ 
4 fo \ mpounds:we us sryday, i ici 
5. Coal. petro a segs Se everyday,are orga ; 
: ni Eee eRe are important sources of organic ‘oinponnls cca 
F SS acking is developed ito inc ic =f ig 
¢ re c i 
Seite Pp ase the yicldof lower hydrocarbons: which serve:as important fuels 
j jauiniclcompeue are classified into acyclic and'cyclic:compounds: : 
i e s uc Vv 0 organi 4 . li ., . 1 °. * ‘ 5 
nese ganic chemistryiis organized around ‘functional:yroups, Each functi i 
Ree ps. Each functional) group:defines:an organic 
% ~The ty bondi d the 3 
s pe. of bondingand the shapes of diffe ; 
\ 2 rentty; : r 
p ttype of compounds formed by carbonican\be explained!by sp’. sp 


and sp modes ofthybridization. 
10. Compou ids havi ng the same, molecular formu a b different Structura for nulas:are-ca ed isomers. T re-are. 
ft . Uh : AUS ut : , I tle I (Out dd ! T 1 i d Ne 
Our different ivpe ol structural‘isomers. : Sa ; 
. Ise merism a is J stri i * ers 
BS S tricte atl aroul é -car ce ric - 
| some rise: due 10 res! al fi a. bon doub} bondiisca S-lr iso ne 
Cs estricted ro Ws Hed cis-trans rism 
d tation aro: nd a carbon C. b iS 1SO} 1 . 


SOLVED OBJECTIVE} 


Fill'in)the blanks. 
i) Organic compounds having. same molecular formula’ but:different 
is sp’. 


are called|isomers. 


(11) The state of hybridization.of carbon atom in 

vii) AlKenes show _ ducito restricted rotation around 'a carbon — carbon double bound: 

(iv) Heating an organic compoundiin| the absence of/oxygen and in the presence the asia catalyst i 
——— asha aYSt 1S 


called cracking. 


(v) A-group oftatoms which confers characteristic properties to an organic compoundiis called 


(vi)  2=Butene is__ of |=butene. 
(vii) Carbonyl !functional'group is present inboth___-_ and ketones. 
(viii) A heterocyclic compound contains an atom other:than in its ring. 


Answer Key. 
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(ix) The quality of gasoline canibe checked'by finding out-its 
(x) A carboxylic acid contains as a functional group. 


“Gy [Ocunenmber |) [-coon—_— 


Indicate True or false. 

(i) There are three possible isomers for pentane, 

(ii) Alkynes do ‘not‘show the phenomenon oficis-trans isomerism. 

ii)’ Organic compounds cannotibe synthesized | from inorganic compounds, 

(iv) Alliclosed:chainicompounds:are aromatic ininature. 

(v) Fhe functional zroup present in amidesiis called aniamino group. 

(vi) Governmentiof Pakistaniis'tiyingto\use coal!for. power generation. 

(vit) Crude.petroleum iis subjected 'to fractional sublimation in order to separate it into different fractions, 
(viii) A bondibetween:carbon and hydrogen’ serves as.a'functional\graup for alkanes, 
(ix) o:Nitrotoluene and|p-nitrotoluene are the examples of functionaligroup isomerism, 
(x) Almost allithe chemicalireactions taking,place iniour body areiinorganic ininature. 


Answer Key. 


Multiple Choice Questions. Encircle the correct answer. 
The'state ofihybridization of carboniatonuinimethane iis: 

(a) sp" (b) sp? (c):sp 
Int-butyl alcohol, the tertiary carboniis\bondedito): 
(a)!two!hydrogen;atoms (b) three hydrogen:atoms 
(c)one’hydrogeniatom (d);no\hydrogen atom 
Which: set ofthiy bridi orbitals has planar triangular shape? 

(a)spy (b)'sp (c)'sp* 

The chemistwho synthesizediurea fromianimonium cyanate was: 
(a)/Berzclius (b)!Kolbe (c) Wohier 

Linear shapeiis associated withiwhichsetiof hybrid orbitals? 


(d)\dsp? 


(d) dsp? 


(d)\Lavoisier 
(a)-sp (bysp? (c) sp’ 
A: double bondiconsists of: 
(a)}two'sigma|bonds 

(c).one sigina anditwo:piibonds 
‘Ethers show the phenomenoniof: 
(a) /positioniisomersim (6))functionaligroup isomerisin 
(c);metamerism - (d) cis-trans isomerism 
‘Select fromthe following the one:which‘is-aleohol: 

(a). CH;-CH3-OH (b)'GH3-©-CH; (c).CH;€OOH 


“Oey 


(b).one sigma sand one pilbond 
(d)itwoipiibonds 


(d)\@H3-CH3-Br 


=e 
Qn Re rt RA pe wpa 


; Clectronic density 


- lieson\the | 7 
j 5 nte ar ax 
it lies above. andibelow internuc internuclear axis 


lear-anis. 


How Coal was formed?- Give) 

‘Givi 
Whakis meantiby functional aun 
Why th C 


ingleibond? 


petroleum? 
-butene exhibit;geometticaliisomeri 
. ‘ mel 
What are Homocyclic and'Heter a 


OS Ocyclic:compaunds?'G} 
What are alicyclic Compounds?/Give two eens Giveioneie 


Which Organic:compound was: 
ound was first Ofall;preparediin't Le} 
How/octane numbers of.gasoline can beimprovediby retornnn oe 


example, 


xample ofeach: 


What is Octane number? 
Why. 'S:restectedirotation necessary to show the geometrical lisomerism? 


a 
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Qe Easy Theory With Side |Information 
Complete Solved) Exercises 
<3 Numerical!Problems & Solved) ‘Examples 

¢3 Important: Formulas 

Do You/Know, Tit - Bits, Intrusting Information 
‘(Answers) 


o Text! Book SolvediExercises 
: oe) Previous'Board' MGQ's/(Answers\ Witii Hints) 
; S Additional! Board) MCQ's\ (Answers: With Hints), 
fr) Previous Board 'Short-Answers' Questions 
Oo) Additional Board!Short. Answers’ Questions 
&} Past Board|Papers 


ALIPHATIC HYDROCARBONS 


Hydrocarbons 


“Lydrocarbons are 
organic compounds which cor ft 

ntain carbon and hydrog en. only.” The numb 
compounds is.very large because olithe, property offcatenation. . a; . sees 


Saturated hydrocarbons or alkanes 


Iallithe valencic: . 
natant utes ofthe carboniatomsiin aimolecule are: fully satisfied:and these cannot further:take up any. more 
ydrogen atoms, thenthe hydrocarbons are named/as saturated! liydrocarbons oralkanes.. 


Unsaturated hydrocarbons 


heco | 
1 % ¢ ae, of carbon and! hydrogen inswhich all the four valencies ofcarbon are not fully utilizediandithey 
contain either a double oratriple bond, such compounds:are‘ealled unsaturated/hsdrocarbons. 


‘Those unsaturatedihydrocarb 
ons which contain, a double:bond)are calledialkenc 

s while those cont 
hondure-calicd alkynes, ~~ cae 


iyarsestbons: 


Open chain or‘Acyclic Hydrocarbons 


Closed'chain or Cyclic/ Hydrocarbons 


Saturated Unsaturated Alicyclic ‘Aromatic 
. Hydrocarbons Hydrocarbons - Hydrocarbons Hydrocarbons: 
{Alkanes) (Cycloalkanes) ‘elg., Benzene 
CH, (Methane) CH : 
H,C—CH, aS 
(Ethane) [ ‘CH, CH, 
Alkenes Alkynes 
H,C =H, HC =CH ‘Benzene 
(Ethene) 


(Ethyne) 


Eres Daa Seep Se acer 


The system of Se is called Sareenueo | iG 
Common or TrivialiNames AK 

In the carly days. the compounds were named on the basis of HN NH 
(i) Their history. 2 L 
(ii) The method of preparation. of N77 So 
(iii) Name of the person working.on it. 


(Barbituric acid) 
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Examples AL 
© The name marsh gas was given to methane because it was found'inimarshy places. 
2 Acetic acid derives its name from vinegar (Latin, acetummeans vinegar). 
© Qrganic.compounds were named after a person, like barbituric acid/after Barbara. 
Such a system may have a certain.charm but is never manageable. 
Straight andibranch chain Hydrocarbons 

For alkanes with five or more,carbon atoms, the root wordiis derived fromithe:Greck or Latin numerals indicatin, 
the number of carbon atoms in a molecule, and the name is-completed by adding ‘ane! as a suffix, e.g. pentane (¢ mt i 
hexane (CsH},), heptane (CHi6), etc: Sh}, 

The common or trivial names are applicable to all isomers of a given molecular formula. Vhe prefixes; iS0, ne 
are, however, to differentiate between ‘isomers. ; 
CH; — CH, — CH; — CH; H;¢ —CH —CH3 

n— butane | 
CHy 


CH;CH,CH, — 
n-Prop a 


i(iii) CH;-CH,-CH,-H 
| Propane 


: Iso-butane as 
Ch; ChHi— C—CH, 
; | 
CH;—CH>—CHs—CH:—CH, CH;—CH:—CH—CH; CH; Rye. 


NOMET 


n-pentane Iso-pentane neo-pentane 


- These prefixes have only limited use, as they are not workable with complex molecules. Morcover, ‘common | 
names give only minimum information about the structure of the compounds. 
Alkenes:are similarly named by replacing: the ending:-ane ofthe name ofialkane with ylene.e.g. 


Examples 


ro CH, 
The longest continuous chain ma 
- \ ay not always be obvi ‘ Pees 
HC = CH, Ha€ — CH=CH) Hic — CH= CH; oa that the following alkane-is deshenate as eee ties ee formula Sutter: Nolice, for 
Ethylene Propylene iso-butylene atoms: Bee Crain {conlain/seven {carton 
. H,€-CH, - CH, - CH, -GH- CH, 
IUPAC Names cH 
© In 1889 the solution for naming the organic compounds systematically was sought by International Chemica Me ; 
Congress. eke 2. Number the longest chain beginnii hae 
2 ginning. from the end of the chai [ ; : ~ 
2 A report was:accepted!in]892 in'Geneva'but it.was: found incomplete. number the two alkanes'shown above in the following way. Se aoe eisubstivent Applying this rule, we 
- . . . . . 2 1 n : 7 ; ; 
9 In 1930, International Union of Chemistry (IUG)igave a modified report: which is also referred as Liege! Rules. Ths HjC—CH,—CH, cH, CH — GH Substituent 
report was further modifiediby International union of Pure and Applied! @hemistry (IUPAC) ini the year 1947. Sint | wee 
that: date the union has issued periodic reports.on rules\for the systematic nomenclature of organic compounds: ie 
© The mostirecent'report:which.was' published in:the year. 1979. “sy 1GH, 
IUPAC system:of nomenclature is' based onthe following principle. 
‘Each different:compound 'shouldihave.a different name’. are . 
Thus through a systematic set of rules, ‘the IUPAC system. provides -different:names for. more*than Tal “HiC=CH,— CH,—CH,—CH —¢H 
known.organic compounds. roses a iy mo a ; 
Nomenclature of Alkyl(Groups * ; Subst) _DSth 
3. 


Use the numbers obtained. by ‘the application of rule 2 to designate ‘the. location of the substituent The 
Parent name is placed last, and the substituent group, preceded by the number. designating its jacationioa the 
chain, is placed first: Numbers are separated from words by a hyphen. The systematic names of the ae 
compounds shown-above will then be: 


_ lfwe remove one'hydrogen atom from an alkane, the rest of groupiis-called'an alkyl.group. 
alkane" > alkyl zi 


_®  [tis‘represented!by “=R’. 
© “ane” oftalkanejis:removed iby “yl”. 
© Its.general|formula.is €,H,,,_, - 


Syott ) — : ao od ae ; Fis — i 
ot nal pare SS — = 
Chapter’8 (Aliphatic Hy: 
p Hydtocattions 
x) 
"yye—'CH,— CH, CH, GH — CH, 
2CH; 
| 
3-Methyiheptane 10H, 
8 Bhoeplt 32 
"4 “CH, CH, — CH,~ CH — CH; 
2-Methylhexane 1CH, : 
4. When two or more substituents are present, give-cach substituent a number corresponding to its location o, the 
longest chain. For example. we designate the following, compound as 4-cthyl-2-methylhexane. 
= 1 2 3 aa. 5 6 
MiG=CH —CH,- Gn —-CH,—- GH, 
; CH, CH: 
CH,” 
4-Ethyl - 2-methylhexane 
‘he substituent- groups should!be listed alphabetically: (i.c. ethylibefore methyl). In deciding: on alphabetical orde 


sui 


disregard | multiplying prefixes such as “di” and 
carbonatom, use that number twice. . 


5 Whenitwo substituents.are present on the same 


ojo. Then 


5. 
H, a 
1. 2 Ig. 4, 5 6. 
H,C-CH,— G —CH;-CH, — CH; 
CH, 
| 
CH, 
3\- Ethyl - 3 - methylhexane : 
6.. Whenitwo! or more substituents:are identical, indicate this by the use’ of the prefixes di,.tri: tetra, and! 
make certain that cach and every substituent has a number. Commas are used to separate numbers /fromeath 
other. : : if: 
CH, 
H,C- CH Seria — GH, H,C— Chi SCH = Gil CH, 
Gh, GH, GH, - GH @¢ 


2, 3- Dimethylbutane 2,3; 4-Trimethylpentane 


hi eis 
H,C— o = ¢ =" CH, 
H,G GH, 


‘ 


. 2,2, 3,3 - Tetramethylbutane 
Application of these six rules:allows us to name most of the alkanes. that we shall encounter. 
however, may be required occasionally. N 

7, When two chains of equal length compete for selection as the parent chain, choose the chain wit 
humber of substituents. 


7 t 
H.C—CH.—CH =CH,— GH =CH —'CH, 
CH, CH) CH, CH, 


CH, 


: ee 2,3,5- Trimethy! ~4-n -propylheptane 
8: When branching first.occurs avan-equal distance trom cither end ofthe longest chain. choose t 
the lower number atthe first|pointiofidifference. = 


‘Two other: uk, 


ithe; ercal™ 


ie name that gne 


aa. 
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(Subjective) _ 


(i) | 2-Methylpropanc 


|| 3:Ethyipentane ° 


2,2,3,4 - Tetramethyipentane 


2,2-Dimethylbutane 


5. 5. 4 we ‘ 
CH,~GH~CH,~"cH —cH ey 
Ms I Ee 
ee Hi; CH, CH, 
19,9 -Trimethylhexane (not-2, 4, 5 -'Trimethylhexane) 


Write the structuraliform 


# 4 laifor.ea x 
“Ethylpentane 4 ! eo-pentane: ; 5 
Vv -; i P oe 
an 2,2,3/4~Tetramethyipentane mM _ 4 Ethyl'- 3,4 —dimethylheptane. 
uN) _2,2-Dimethylbutane, (vi); 4:iso—propylheptane. 


——___vill)_.2,2:Dimethylpropane 


——S—————— 


‘Neo-pentane : =F 
Gy. | 

ell rot 
CH3-C€-CH; eli 


- ft 


CHy— ie —CH; 


CH; 


CHy 
4-Ethyl - 3,4 —dimethylheptane 


~ ——— 


'GH; —°GH; -3@He *CH2—*CH; 


CH, CH, 
Ch eo 21 elas My 6 6 7 
| Ih — CH —' CH= € —CH;—CH, — CH, 
CH; cH 
le 


deiso = propyiheptane ; ] 
C15 — "GHz -7C@H2- 4H — 2CHa--"Chs— 7CH: 


CH; -— CH-€H; 


“CH; | 
= 
CH; — 7 —3CH-*CH-*CH; 
all 


‘CH; (CH; CH. 


I 


'(viii)] 2;2-Dimethylpropane 


CH; ‘CH, 
i: = 
CH; — € = CH» —CH; H3€ —€—Ch; 


CH; u 


(eae 
. CH3_ 


ter 8 (Aliphatic ny doc 


ea, 


SS 7 = 
Wrire dowrin names sat the following compaunds jaccording to IUPAE sys 


“Tra C-Cik- CCH, 


H3C - Ch ~Cih- CH 


(CH CH 2)3xCH] 


ina [vii in Fecatt Hs acl 


I; -C-CH, - C—CH, 
H } 


+ Ethivipentine 


2,214.4 -—Tetramethyipentane 


5 
SS 


2.4~ Dimethylpentane 


2 23 _Trimethy ee nigne 


GHSSI@r;— ¢ 


3.3, 4— Trimethylhexane 


3-Ethylpentane 


CH; =C€ ~—CH:—CH, — CH; 


2.2 -DimethyIpentane * _Triphenyimethane 


* 


str 
tructural'formulas, for-allithe isomeric hexanes'and name them. according to 


Str uctura 
h cna andinamés:for. alliisomeric:hexanes, 


‘eH, 52. ie wa 3GH5- ‘GH; = CH, 


'CH, ~?@H,—3 CH; -4 ‘om, 


6 y ‘ 
n-Hexane en 


‘CH; 
2—- Mcthylpentane ! 


‘CH; CH, eH ‘CHy~*cH; 
| . 


CH; i 
CH; 2 J 3 denpy. : 
3 - Methylpentatie Ste Nes SE = 1th - ‘ 
CH ae : 
2,2—Dimethylbutanc - 


'CH}~?CH eH=4ey, 


-CH; »CH; , 
2,3 — Dimethylbutane 


Q:7(b) The following names are incorrect. Give the ‘correct IUPAG names. ; cs 

(i) 4-Methylpentane J 

(ii) 315,5-Trimethylhexane . 

(iii) __2:Methyl-3-ethylbutane 

Correct IUPAC names 

4- Methylpentane ; 
CH; — CH; ~ CH; — GH ~GH; 


3;5;,5 - Trimethylhiexane 


~ CH; 
Correctiname:; 2-Methylpentane 


CH; - CH,— CH ~CH,- €~GH, 
; | 


CH; CH; 
2:2/4 — Tri methylhexane 


i\__Correctiname: 


2-Methyl —3- ethylbutane 
- CH; CH —CH—CH) 
tee 2 
CH; GH): ~ 
al 
CH; 
Correct name: 2,3— Dimethylpentane 
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Ra RS 
menclatureionAlker ait = 
sa TUPAC rules for naining alkenes are similar in many respects to those for naming alkanes, 


1 Select the longest continous chain thaticontains the € = € asthe parent chain. Change the ending.of 
> ; GL, , 


identical length from — ane to — ene, 
the alkane of identical length ee Ga Ok 


: ’ number. he double bondiis given:the lower 
gl 2 1S : 
HiC— CH, CH,~C=CH — CH, GH 
' f.24. 3 : 
3:- propyl - 2-/hexene . He = c ~CH~CH= cH, 
2: Number the chain so as ito include both carbon atoms of the double'bond. Numbering begins fromthe end pay 3/-Methyl’-1\-Peniten -4.-yne 
double bond. Ve IDeA 
to the double bon cH, hoes FOCR Egy. 
a frite: af; ? i = SSS 
a Sa 4 CH ou cH = ‘oH aii. (a) Ww rite-structural formulas foreach ofthe following.compounds. 
H,C— GH 2 2 (i) Isobutylene fs = : 
2 , ie Waar ; Gi) 2)3:4;4'- Tetramethiyl'- 2'- pentene 
; fee an toe : Gn) 2,5 - Beptadiene (iv): 4,5 -/Dimethyl:-2 - hexene 
3. Designate'the location ofithe double'bondby using the number ofithe distaiom ohh double'bond as a prefix. (v)  Vinylacetylene Wi) 3:pentadiene 
‘ ? 3 an ln way. Th — RE AE : il a " Sed Sats 
: “Hie =CH—CH;— CH, Hie SCH Gh ~'Ch, Ch, (vil) all Butyne (viii) 3-n'— propyl -1, 4:pentadiene 
: 4.-Butene uae AGeAHISR (ix) Vinyl\bromide (x) 'But—] en: 3-wne- 
ERP ey any pape peer  erett Se 5 ‘by: bers ofithe carbon atoms toiwhichithey-areiattached| i “N u eva - 

Indicate:the locations of rat pret groups'by the num ss _ CH, | ye ; tached) (xi) .4-Methyl 2pentyne (ii) isopentane a 

| { | 3 4 dl 6. | ‘Ans. (a) StructuraliFormulas = 

. “ & at a "hy ee OE { cS 
ule ie =H — GH; HiC — © =CH — CH; i CH, Isobutylene Di3)4— Tettamethyl—2= Pentens 
2.- Methyl -'2:- Butene ; CH;— €=CH; 


C 
2/5,5 - Trimethy! - 2:hexana 


on. \ 


CH, = CH=CH ='cH, : 
1, 3'- Butadiene 


The largest ‘continuous carbon chain containing, 
changed ifrom'ane to —yne. eg. j 
CH= CH 
Ethyne 


Hie—c = ‘cH a... 
Propyne 


bond: 
CH, 
4h. faker? Badd : ‘ a 
Hie —CH.c='cH Hie — CH) —CH-CH,—C= CH. 
1-Butyne , 5:- Methyl = --hexyne : 
Ia hydrocarbon contains more than one triple'bonds, itis named as alkadiyne and \triyne’ete, depending 
number, ofitriplg:bonds. : ; ’ - : : 
: 6 ON Sa, 1 
HOS '€ =CH-CH,=C= CH 
. 1.5=Hexadiyne zi 
Ifboth double and triple bonds are présentinithe compoundithen ending enyne:is given)to)the root. 
(2)/ Lowest possiblenumber is assigned\toa double or aitriple bond irrespective ofwhether enciory: 


neigels BE 
‘lower- number. 


‘If thie parent: chain contains more:thanione double bonds, they are alkadicnes.for two, alkatricnes for three'andsi}, 


triple bond is selected. The name of the identical alkanes { 


The position ofitriple/bond,is:shown by numbering the alkyne, so that minimum number isiassignedito thee 


as] 


STRY — XI (Subjective 


hn 3 / 
HOS ~cH=oy oy, 
3'- Penten-4 -yne 


(b) In case a'double and/aitriple:bond are: present.at‘identical'positions it 


1 -Penten-3:-yne 


CH3 


°CH; ~ *€-3C =? ='CH, 


! in il 


CH; 


2, 5 —'Heptadiene 
"CH; —°GH = °CH--*CHy — CH =CH'- 'GH, 


Vinylacetylene ‘13'—Pentadiene. ” 
HC =CH=CSCH iL 1CHs = 

1 -'Butyne =i] 3 
“CHj="GH; =? ='CH: i 


Vinylbromide 
Hi@ = GH Br 


CH, =?CH~2@'s GH 


‘Iso-Pentane 


4 Methyl —2 — pentyne 4CH;—2@H, — GH —'CH ; 
“Ory en — -& —en3 


°CH; -'CH ~C =2¢ —'CH; 
jl . 


_ Cn; 


(b) Name the following compounds by IUPAE system. 


(ii) (CH3)2€ = CH2 
(iv) CH) = CH —CH = CH 


6) H3C - Cl1= CH(CH2)2CH3 
(iii) CH;— CH2- CH2- C= CH2 
| 
CH(CH3)2 
(v) CH2 = € — CH2CH2CH3 


GH; 
(vii)\CH3- C = © — CH; 
(ix)\ CH = C — CH= CH- € = CH 
TUPAE Names 


(vi)\CH =€ — CH3 


(viii)\ CH2 = CH- C = € — CH = CH) 
(x) CHy= CH= C= CH 


Ans. 


(i) Hy©—CH'=CH-CH;-CHj-CH; ii CH; 
2—Hexene 
CH3- C= CH) 
I. 2=—Methyl—1—,propene — 
‘CH;— CH} —CH)-C = CH, (iv) CH, =CH-CH=Cr L 
1,3'—- Butadiene 
ae —HC€ —CH; 
— Isopropyl — J\— pentene {). 
CH = = @H3CH3CH; Yi CH=€-CH; 
»  Propyne 
CFs ; 
—'Ethyl'—I— pentene. 
€ll;—-€ = € —CHy 
2-Butyne 
CH =C-GH=€H-C=CH 
3+Hexene —1,5 -diyne 


€H,=GH- € =€ —CH=CH). 
1,5 — Hexadien -3'— yne 

CH; ='GH'- € ='CH 

1-Buten —3 —yne 


» Alkanesvare the’ simplestiorganic.compounds made up oficarbon andiydrogen only. > bs 
e° They-have a.general'formula ofiC;Hoqs. . 


" : os os the four valencies of carbon\atoms are satisfied!by, single bonds\to either. other’ cartionyatans 
iydrogen atom 


(Sabatier:Sendern' 'sReaction) . 


The addition of hyd alled 
hydrogenation: eee imvalkenes(e alkynes j in the presence: of nickel at 200-300°C yields alkanes: is. calk 


“(i) - When sodium salts of fatty aci 


_ Cannotibe preparediby this:method 


ol ar’s cnet TRY —XITi Saijecty e) ” 


Scho 
“examples 
_cH=cH +4, —_ Ni ' 
Alkene Ni Alkane 
CH. ='CH2 +: He “30-30 C CH3-€ Hs 
Ethene Ethane 
catalysts 


The hydrogenation icanialso'be: carried’ outwith: platinum or.palladium‘at'room temperature but they are eapensive 
than nickel. : 
industrial! Importance 

The method \is:of industrial importance. Production of veastahle slice by the catalytic hydrogenation of : vegetable 
ail (unsaturated! oy! acids)|is an‘example ofthe application of this methad'on industrial scale. 


Frankland|Reaction 
R-X4Znt+R—X—>ZnX, +8-R 
“e GH, Cannot he prepared 


(i) By reduction 
Amalkane is;produced when.an alkyl halide:reacts with zinc inithe| presence ofian 
aqucous acid. 


R=X+ Zn+H" +X — R= J+ZnX, ‘by this method. 
Atky} halide Alkane . 
‘CH,- 1 + Zine +] — oe + Znl; 
° Methyl iodide thane ; 
CH,;- Pine —@H,+ Zn+H'+Br—> CH, GH; -CH,- ~CH,+ ZnBr, ~ 
y n= Butane 


Br aA 


2-Bromobutane 


ont (Hydroacholy: sl en 


‘lie Substitution of:H, 
le Cleavage of'c:bond 
° \Catalysts:is‘Pd/C 


|- Addition of Hj 
* Gleavaye of'x:bond 


¢ \Catalysts:are: Ni, Pt 
|| -or Pd 


|. R=CH=CH,+H; 


Nt 
ins sore” R= “CH=CH | 


(ii) Hydrogenolysis 

Alkanes can - also be prepared from, alkyl “halides: using 

palladium-charcoal as a: catalyst. The method - is ‘known as, 

Hydrogenolysis (hydrogenation:accompanfed' by bond’cleavage). 
R-X+H, te yR-H+H-X 


REX SH, a> 
R=-H'+)HX: 


(8)iDeca ‘anietonollonscarbonc s/Acids 
ids are heated with soda-lime (prepared by soaking quick limei(GaQ)) with ¢ caustic 


They. climinate a molccule-of'CQ}\to\form alkanes: 


soda‘solution:and drying the: product). 
0) 


a0 sien 
Rabson + NaOH —_ R=H + NajGO, , 


Sod.‘salt of anacid 
Sian re MICSO) ware arerieit 
HGH, =C—ONa + NaOH —— Hie— CH, + Na;cOw 


‘Sod? Propionate : ae pea a SuEHR eee = Bib 


(i) Kolbe" 5) Electrolyte ‘Method 


Wheniatconcentrated' isolution(ofi sodium’ or;potassium salt(of' aimono:carboxylic: acidiis clectrolysed; can‘alkanesis: 
produced: This: method \is‘only. suitable for: tlic, preparation, oft sy: nmmetrical|alkanesii.c- those: of; ts typeR—Re Methane” 


2IRCOO; BE +2Hi a asattR =R+2C0, +2NaOH'+H; 
Mechanism re 
Ivis‘knownitoiinvolve the caine mena 


: =aClemmensen: or Wolf-Kishner's reduction: In the former reaction a'ketone:is reducedito‘an:alkane‘using:zinc amalgan 


aejemmensen'Reduction 


When potassium salt-of acetic acid i is electrolysed, acetate ion: migrates towards the anode: gives, Up one we 


produce acetate free radical (CH, CoO), which decomposes to give a methyl free radical (€ H,) and'GQ,, TWo ng 


methyl radicals combine to.give ethane. 
lonization of:salt 


oO 
ad Il . HO Il % 
2H3C -C -—O kK" cits €-O +2K* 


Reactions 


At anode 
m0) ; 
4 I ; oh 
2HjG-C-@ —Ht, 2HjC-C —"O+2e 
x0) 
i Or : Q. How-would you convert: ‘Ethanojc 
2HiC- C=" ; 2 C H, +20, acid into Ethane? 
Cm+ Hj Hee - CH; 
‘Ethane 
At-cathode 


-2H,0+2e —> 20H +H, 
_° 2K*+20H"—2KOH 
This reaction has'limited'synthetic applications.as it forms a number of side products. 


Erom(CarbonyllCompounds|(Aldehydesionetones)| 


Te carbonyl groups of aldehydes or'ketones are reduced to methyl or methylene group: respectively) by/either 


Vidi ‘hydrochloric acid whereas in'the'latter.an aldehyde.is reduced to:alkane:with' hydrazine‘ inithe: ‘presence: of KOH! 


-O 

II 
Hiec—C—CH, + “a BH HiC=CH=EH, + HiO 
na Acetone Propane’ - 
Wolf =‘Kishner’s ‘Reduction ; 


10) 


II 
HiC—C=H + 4H} HiC—CH, + HO 


Pointtoremember © 


a HK SS 
In clemmensen reduction, Zn=Hg/R@ and in Wolf=Kishner’s teduction N3H,/KOH is used: ro genet 
_nascent-hydrogen: Both these methods reduce carbonyl /compounds (aldehyde & ketone): into’ alkene 


(6)/FromiGrignardiReagents 
Alkyl ‘halides’ react: in anhydrous ether with ma, 


ad 
nesium)to form alkyl magn known as\Grig" 
Reagent. They, decompose o ie aby magnesium halides) 


nitreatment with water: or. dilute acid) to give alkanes: e.g., f 
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165 
ww 
: ¥3 lah oat x : jee 
3 CHIMgBr +H — oH-SBEE cy, 4 Mg 
E 
E Nou 
2 ; , 
Sa : 6- + . ; Br 
€ Hié—c¢ a8 + OF o~ : : Ye 
3 3 — CH, — MgBr. + H — OH Fr «HIG — CH, + Mg : 
; = 4 e= : Nou 
ignar mceagents: on: Tene with water, alcoholand/‘ammonia,,produce alkanes, 
BICR EB SICR 
or ahsieal State: 
C, to.C, (methane, ethane, propane, butane) are.colourless ant odourless'gases. 
.C« to.Cy7 (pentane to heptadecane)/are colotirless, odourless liquids. 
The higheranembers from: C1 onwards-are waxy solids\which are also, colourless and/odourless; 
Solubility: 
Alkanes are son-polan or-very weakly. polar.and are; sinsoluble i in polar. solvents like water, but'soluble in non-polar 
solvents like benzene, cther, carbon tetra'chloride, etc. 


Physical constants: 

Their physical constants like !boiling; points, melting points, density, etc increase-with the increase ‘in number: of 
carbon atoms. Solubility decreases.with increase in molecular. mass. 

The boiling: point increases by 20 to 30°C ‘for.addition of cach GH) group to the moleeule: 


The boiling points of alkanes ‘having branched chain structures are lower than their isomeric normal chain 
alkanes, c.g., n-butane has a\higher boiling point —0:5°C than isobutane(-1!1.7°C); 


9 - The effect of branching on the boiling:point‘of alkane: 


The ‘boiling points of; alkanes having branched: cliain | ‘Q: Why the boiling point of straight chain 
structures are lower than their isomeric normal chain | hysiocarbons is. greater. then, their. isomeric 
- alkanes. . branch chain byuirocarbonss ; 


Explanation:- 
As-the boiling, point ofa rioleculte depends upon the’strength of; intermolecular forces. 


° In\n=butane the London dispersion forces are strong because the molecules:are close to‘each‘other and the 
area of interaction! between the two)molecules iis large. So London dispersion; force is‘ operating: vat’four, 


places. 
van der, Waals’ forces 


n- = Butane . : i 

- B.P=-0.5°C = 
Whereas, in iso-butane the London: dispersion ‘forces are weak: because the distance between \ molecules 
increases and the area of interaction decreases due to! branching Hence packing of; molecules .is not:so 
tight and! London dispersion force operates;at 3) places. 


(C=c=6) van‘der Waals’ forces 


iso - Butane 
BiP =<11:7°C ‘ 


Melting points: , aatereet 
a A : > RA eae wre inerease { sular mass but this increase js no 
The melting points of alkanes also increase w ith the increase in molecular mass bu CreASE IS NOtisg realy 


Explain why alkanes are less reactive than alkenes? 


(a) 
Reactivity of Alkanes 


The alkanes or paraffins (Latin: parum = little, affins = affinity) under ordinary condition:are inertitowards acide 
alkalis. oxidizing andireducing agents. However, under suitable conditions, alkanes do undergo two types ofireactions 
(i) Substitution Reactions . ; 

(ii) Thermal and Catalytic Reactions =. : bs 

‘These reactions take place at high temperature or on absorption of light energy through the formation of highly 

reactive free radicals. : 


. + i. Ln 
Why alkanes are callediparaffins? Or Alkanes.are least reactive organic compounds. Justify 


Q. 
ns 


. (i) Non— polar nature: ; , ee 

The unreactivity of alkanes under normal conditions may be explained on the basis of the Non-polarity: ifithe 
bonds forming them. The eletroncgativity values of carbon (2.5) and! hydrogen (2.1).do not differ appreviably and 
the bonding electrons between C-H and C-€ are equally shared making them almust non-polar. In-views of this, 
the ionic reagents such as.acids. alkalies, oxidizing agents, ete find no reaction site in the alkane moleeutes tg 
which they. could!be attached, ; 
(iijinertness:-of'o-bond: : 
The unreactivity of alkanes canialso'be explained on the'basis of inertness of a o-bond. In:ao-bondithe electrons 
are-very tivbtly held between the nuclei which makes it'a-very stable bond, A lot oftenergy isirequired {ta:breakiit 
Morcover. the electrons:present in a.o-bond:can neither attack. on any clectropliile nor ainucleophile can attack on 
them. Both these facts: make alkanes less reactive. 

ReactionsiofAlkanes 

€ombustion 

“Burning ofan alkane injpresence of oxygenits known as Combustion:” ( - 

Complete combustion of an alkane yields: CO . ‘H;O and heat. The amount of heat evolved when one: mole ofa 
hydrocarbon is:;burntito COs and |H30 is called! heat: of combustion. 

Example : 

Name? ; : ’ 
CH; + 20; ———> €O, +2450 + 891 kImol” . 
< rs < Hn oy C3 mts, 3 eee a . Ae “ord 
Although the reaction is highly exothermic, it requires very high teiperature to initiate it, cs by ay flame.of 
spark. reel 
Combustion is the major reaction occurring in the internal combustion engines of automobiles. A.compr 
mixture offalkanes and air burns smoothly inithe internal-combustion ‘engine and:increases its efficiency. 
2. Qxidation 
Oxidation:of methane under. differcnticonditions gives different products, | 
(i): Incomplete oxidation c * 
Incomplete oxidation occurs in a limited supply of oxygen or-air andresults inthe formation of CO and carbon black. 
: Yate Flame 
3CH;(g)+ 40, (2) 5 2€O(g)+6H,O(g)-+ C(s) 
{ii}: Catalytic Oxidation : 
Lower alkanes when burnt inthe presence 


reslisia™ 
formation ofiuseful:products; 


of ictallic catalysts, at high temperature and pressure. 
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Cu t 
‘orcacon H\C—OH 

an Methyl aleonat Conversion 
4o0'croa HCHO + HG Oe CoM would you 
Farmaidenva . convert ethane into acei 
HOMO + (6) <u Raiser as 

: ; acid? 
(Ol) ercaaant HCOOH 


HC@OE ’ ss Formic acid ey 
OH + {9] rire sO HO 


CH, + (0) 


3 


OH + [0 


Uses 
Catalytic oxidation of 


industries, alkanes is ‘used industrially 


10 | prepare higher fatty acids used in Soap and vepctable oi] 


3.  Nitration N 
“This a substituion:re 
( NO,)" 


Alkanes undergo vapourephase 
nitroalkanes. 


Example 


actions of alkanes in wh; 
Hons:ofalkanes iniwhich a hydrogen atom ofan alk 


‘ane isi replaced iby nitro group 


Hitration under drastic condition (at 400-500°C).to.give 


MCQ's Oe 
What product: will be formed 
by. the nitration of Propane: 
(a)'Nitro:methane — 

(b) Nitro. ethane 

(c)!Nitro, propane 

(d) all of these 


Ci, +HONO, —c_, CH,NO, +.11,0 


Uses Mitromethane 


NY abky is alii et ‘ 7 : 
Nitroalkanes generally find use asifvels. solventcandiin Organic synthesis 


Explain free radicalimechanism 
Sunlight. 


Qio. (b) 


4. 


Halogenation 

“The successiv hydrogen: ‘ 

ih or at high emporaus cle alpenas na OEE tom in he presenes 
The order. of reactivity offhalogens is FoCloBrsk, . 
* Reaction of alkanes with 

hydrofuorie acid: 

2 With chtoring 
a 


ofisunlightvor UV 


fluorine. is highly violent and results in a@ mixture of carbon, fluorinated alkanes and 
and) bromine. alkanes:give substituted products at:moucrate rate, 

lodine. does not substitute directly because the reaction:isitoo slow and reversible. 
‘Extent of hilogenation dependsiupon the amount of halogen used. 


Free radical: mechanisin 


NMalogenationiis believed to proceed through free radical mechanism. It involves the following three steps 
thre . i = “et 
Stent Cl=Cl ——=.Cl + Cl (nitiationy 


~w he hr, °, . 
H.C=H'+ Cl —==> GH, ¢ Her 


Mathy! free radicat 


7 é br . 
GH,+Gl=Cl ——>CH)— cl + Gi 


Step (Propagation), 


CH, + Gl ———7 CH= Gi 


Si ip 
tep! Mathyi chloride 


(Termination) 


RCSL pas) a EE Ee 


so important. 
H 


at | a 1: . 
H-C€ —Cl+€l——> H~ € ~CI+HC! 
4 | 
H emt 
. (el 
e } | e 
H-C-Cl+cl—-Cl ——> H~ C-Cl+ Cl 
| 
H 


H 
Dichloromethane 
cl - 
| e 4 ry 
H- €-Cl'+Gl >H- C —Cl+- Hel. 
| | 


H S| 


Cl 
‘ s 
Hi- € ~Cl+ €l—C} >H- € ~E)+€l 
| =| 
Cl Cl 
Trichloromethane 
(Chloroform) 


Cl 
E |. e e 
H-.C€- Cl+¢l——> Gl- € —€l+ HE! 
Gl : Gl 
Cl: 
; | 9. 
Cl=€ —Cl'+El-C) ——+Gl- € - G) Eh 
| I 
el Cl 
Tetrachloromethane 
(Carbontetrachloride) 


Qz1. (c) Mention some:important.usesiof methane: 


\ 


Uses of Methane 
Methanciis:used: : 
(i) as'aifuelland asianiilluminatinggas, 


(0) for the|preparation ofimethylchloride. methylenc.cliloride, chlorofernvand carbonitetractiloride. 
(iii). forthe industrial) prepartion:ofimethyl:alcohol, formaldehyde andihydrogeri cyanide: 
(iv) for the preparation oficarbon|black used in\paints, printing: inks:and automobile tyres. 


(¥)_, issuscd:to!manufacture‘urea fertilizer, 


Chapter Si(Aliphatie Hydrocarbgng : 


By repetition of step Il, a mixture of halogen substituted. praducts are obtained. The reaction is not synthetica} 


Q1z (a) Describe different 


Alkenes have two'h 
They are also known: as Olefi 
forming) because low, ; 
bromine, 

The simplest olefimis'@,1 Ii, cthene 


Alkeie having one double bond are‘known 


Alkenes containing:two double: bonds are'c 


_ethylen ® bond, 


fAlkyl|Halides 


halogen atom together 
R=GH, eit 
X 


Hio—GH,+ KOH ene, 


H Br 


Alcohol! OH 
PsQho, (conc) iH) 
the order; 
Ter..alcohol >See. alcohol >'Pri:alcohol 
Thus 
Rec aes 
- OH 
Primary Alcohol 
Re Ciag =CH, 
{ ‘OH 
‘Secondary Alcohol 
GH; 
| 
R= ¢ =OH) 
5 2GH 
Tertiary/Alcohol 


drogen atoms'less thanithe 


ns (derived from 1. 
er members form oily produc 


ponding saturated hydrocarbons, 
atin, word olefiant meaning oil 
{S:On, treatment with chlorine-or 


methods forthe 


as‘mono-enes with gencraliformula'C;H,. 
alled:dienes, : 


Dienes having general 
formula CnHance 


Preparation of alkenes; How would you establish that 


Ag with alcoholic potassiun 


: I hydroxide’ under, 
Willa liydrogen:atom from 1 
H 


i adjacent carbon atoms; 
—— > R-CH=CH; + KX + 3,0 


HiC~CH,—CH,—Br + KOH: Liehel_; 


ALO, 
RCH CH, Some? R~CH=CH, + H,0 


—— > 


HC =CH, + KBr + HO 


Ethene 


Atkene 


SO; and|H3PQ,)are also\used for dehydration. The: ease of dehydration of various alcohols'is:in 


smo R—-CH=Gh; + BHO) 


ae > R—CH=CH=CH, + HO. 


Rag =CH,+ Hi@ 


CH, 


Vicinal dihalides have wo halogens‘on adjacent.carbon atoms. Dehalogenation: occurs: when’ dihalide is treated 


sWilhiainecieninan ankiydrous solventilike methanol oracctic acid. 


go\dehydrohalogenation ‘i.e: elimination/of a 


Hj6 CH=CH, + KBr + H,0 


eS a 


MAE lectrolysisiof Salts of Dicarboxyll 


R—CH =CH,+ Zn > H,C=CH-R + 2nX, 
l | 


: : Xx Xx Alkane 
H,c — CH—CGH —CH, + Zn HOH. 4.6 — CH= CH— CH, + ZnBr, 
. be i 2-Butene 


iGacid 


(Kolbe's Electrolytic Method) - 
When sodium or potassium salts 0 
aqueous solution, alkenes are formed, 


f the dicarboxylic acid like succinic avid are subjected to electrolysis jn ‘ 


- + es —— - 
Ne — geen lonization . Hy Eee! + ONS 
H.e—CoONa ~S HO H,C——COO 
Disodium succinate 
At‘anode 
q q 
HC—C—O© Electrolysis 4;C-——C—®° - 
| _ . + 2e 
H.C—¢—O H.c—c—0 
Il . 
H,e—C—O Electrolysis CH; 
| . > || +260, 
H\e—C—O CH. 
t.cathod 


2H,O + 2e7 ——+ 20H +H, 


+ - Q. Write down the mechanism for preparation of 
2Na’ + 20H ——* 2NaOH 


2-Butene from Kolbe'’s electrolytic method. 


5uPartialltydrogenationiof/Alkyne: 
(i) Formation of cis-alkene : 
Controlled hydrogenation ofalkynes with hydrogen gas in an equimolar ratio over heated catalysts, gives alkenes: 


The eatalyst is finely divided palladium supported on’ BaSQ, and poisoned by treatment with quinoline (Lindlar's catalys} | 


R ‘ 
Pd (BaSO,) 5 
R-—G=C—R + H, ———,. (OS LO 


/ 

C.* 
Cunohne / \ 
H 


H 
as - Atkene 
(ii) Formation:of trans-alkene 
A trans alkene can be obtained by treating an alkyne with Nain liquid NH; at -33°C. 
H R 
= Natiquid/NH, N / 
R=C=CSRiG | ad C=C 

R H 


Q. How would you convert 2-Butyne into.(i) Cis 2-Butene (ii) Trans 2-Butene. 
Q. Whatis Lindlar’s catalyst? How it ensure the/partial hydrogenation of'alkynes? 
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thence, propene and butene are gases at room temperature while Cs to’ Cys are 
mbers are solids. . 


liquids and the higher.me 


2. ‘hey 2 TNS ‘ 
z He 7 insoluble iniwater but soluble in:aleohol: 
. iev a hye Aliepielics c¢ H . 
3 y have characteristic smelliand burn with luminousiflame. 


Unlike-alkanes, they: s : > 
= citlkanes, they show weakly polar properties because of sp* hybridization. 


= —————————————————— 


Ang Reactivity of a-bond: 


park ne Ae paral filled) p-orbitals overlap in /parallel fashion, The probability of finding 
ear eGrrieanne ie ic joining the wo nuclel, Due to this reason w-eleetrons are less firmly held 
: clei. Aa bond is. therefore, u Weak bond as compared'to.a o-bond, During’ reaction it breaks 
comparatively easily rendering alkenesias reactive group of compounds. Moreover, the loosely held z-clectrons 


are more exposed to attack by: the eleetrophili : : brs ; 
cally posed to attack by: the electrophilic reagents. Alkenes, therefore, undergo electrophilié reactions very 
ih ‘ . 


of Alkenes 


Q.27. (b) Give.the general mechanism of electrophilic addition: reactions,of alkenes 


ME » Mechanism of Electrophilic Addition Reactions of Alkene 

Itinvalves the following steps: 
The reagent Nu ionizes to give an electrophile and nucleophile. 

—&-Nu ——» E’ + :Nu 
Step 1: 
‘Phe clectrophile attacks the carbon - carbon double bond:and orms a covalent bond withione carbon and other 
carbon bears posilive charge. As a resulta carbocation is formed. 

e wc = 4 sony Neal 

rae ZA\iaosS 


Cynetan) , 


Akers 


Step:2: 
The nucleophile now attacks the carbocation to\fornm an addition product. 
Nu 
NOG Na 
E-C ‘Nu ——> 5E-C 
Liaw’ 7 i ‘\ 
E > 


Cartecation Additian s102U8t 
Since the reaction is initiated by addition of clectrophil. so it is called electrophilic addition reaction. 


1./Addition-of Hydrogen (Hydrogenation) 
Definition . 
Hydrogenation is a process in 
and at moderate pressure (1-5 ulm.) to give a satural 
Heat of hydrogenation 
It is a highly exothermic process. an 
called Heat of Hydrogenation. ‘The heat 0 
Present ina molecule. 


hich a molecule of hydrogen is added to an alkene in the presence ofia catalyst 
ed. compound. The process is known as Catalytic Hydrogenation. 


d the amount of heat evolved when one mole ofan alkene is hydrogenated is 
(hydrogenation of most alkenes is about 120kJmole’for cach double bond 


a edn a= dali 


Catalyst 
The catalysts employed are Pt, Pd and Raney nickel. 
Applications 
Catalytic hydrogenation of alkenes:is used in:the laboratory as) wellias in industry. 
o Inindustry, itis used for the manufacture of vegetable ghee from vegetable oils. 
e In-the laboratory, it is used as a synthetic method as well as an analytical tool, as the reaction js aenerally 
quantitative. 


SSS. 
= 


What is'Raney nickel? How it increases'the rate ofireaction? 


Q. 
Ang Raney Nickel: - ' 
Raney nickeliis a spongy form of nickel. Ithas porous surface. 
Preparation: 
luis prepared'by treating)a Ni— Alalloy with caustic soda. 


Ni—Al+NaQH + H,O——>Ni + NaAlO, +3/2H, 
Reactivity-of Raney Nickel: 
l.arge surface area of Rancy Nickelidue to.its spongy form makes it an effective catalyst. as compare to}s ‘simple 
metal, Thus it-increases the rate of reaction. Most: alkenes are hydrogenated over- Raney mickelt at about: 100°C and 
upto 3-atmospheres pressure. . 
" 
—HC—CH>—-CH, 


iso - Pontano 


a 
6—CH—CH=CH, + H; —— CH, 
3-Methyl-1-butene 


Benzene Cyclohoxane 


HI > HBr> HEI. 
R—CH=CH, + HX ——> R= GH eh 
: X 
.H{C =CH, + HCl——> He GH 
' Cl 
Mechanism 


The addition of a:hydrogen halide to:an alkene takes place in two steps.Alkene accepts the proton of hydroge? 
halide:to form:a carbocation. : ; 
(i):Formation oficarbocation 


The carbocation then reacts with the’ palhdeh ion. 
(ii) Attack: ofinucleophile 


Chapter 8 (Ali ae See = eee 
pter 8 (4 liphatic Sydrocarbony Scholar’s CHEMISTRY — x11 Gubjective 


Alkenes: ‘react with diy gaseous hydrogen’ halides to.form-alkyl'halides. Thie order. of reactivity ofi halogen acidsis |. 


Markownikov’s Rule 


The addition of hydrogenihalide over.an uns 


‘inthe.adaltishotan us ymmetrical alkene is done:by Markownikov's/Rule. The rule states that. 
hme adeition'or:; symmetrical reagentito an. unsymmetrical alkene,.the. negative.pa 


reagent. goes to.th rt.of.the adding 
at carbon, constituting.the.double bond, which has least. number.of.h drogen atoms: 3 


Hue —CHt,— GH, 
Brot 
H,C—CH= CH, + HBr—=> - (oct ronmeay Wk - Br. 


MCQ's 

. Which of the following: product,is obtained 
when propene is treated with HBr in the 
presence of peroxide. 


HiSGH —GH, (a):14=Bromopropane 
Br .(b) 2=Bromopropane.. 
2-Bromopropane (c)1=Bromopropene 
(Actual product) 4.9:)} 
He-Gh ee (d) 1;2-Dibromopropane 
BEN He |B HINT: 
r . : 
J C=CH, + HBr —> weneo ai: ice Kharasch method (anti Markownikov's rule) 
H,C: {not formed) 
7 - CH, 
Ho—G~CH, 


Br. (Actual product) 
2-Erome-24mathyipropane * 


~~ When aie nes. are eitreated with coldke concentrated sulph 7 ‘4 
>, eh, e phuric acid, they are dissolved because’ they: form alkyl 


H 

\: L Pelli tye 

C=C + H-@O-S-—OH — 2—AH—O— \ 
“Va ¢ i O H,C —CH,— © —SO}H 


Ethyl hydrogen sulphato 
; These alkylhydrogen sulphates on boiling with water decompose to give corresponding alcohols. The overall 
reaction involves: the addition ofiwater.to an alkene and jit‘is, therefore, calledihydration reaction. 


HC - CH, -O-SO,H+H,O—“* +H,€ - CH, - OH +H,SO 


aAddition(ofiHalogen: 
The alkenes. on: treatment- witht ‘halogen:in:an. inert solvent: like-carbon- tetrachloride. at.room. temperature igive 
vicinal dihalides or | 2 dihalogenated products. Fer example, 5 Pe Pe cGane ees: 
x xX as a tthe Sanit Bi * 
HN. yi CCl, ae : 
SC inte 
Yi H HH 
Vicinal dihalide 


Bry and Cl are effective electrophilic reagent Florine! is too reactive to control the reaction. Iodine'doesinot react. 
Mechanism 
-Formation of bromonium ion 


(a) A bromine molecule'becomes polarized as it approaches: ‘the alkene. This; polarized) bromine molecule transfers a 
Positive bromine atom to the alkene-resulting in the formation ofia‘bromoniumiion. : 


H oi 
S 
B= CL 


on SHE 


+ Bre BS Br —+ HC— GH, +Br 
Ne / 


Br 


Bromonium ion 


pter 8\(Aliphaticliydrotarg , 
Yarocarbon 


8) 


Attack of nucleophile . 
er attaens on the 


uhh) ‘The nngleaphiic promue ron ther Une carhon OF 
eolourol bromine-is discharged: Nirany:prodietisformed: nse : 
2 S027 pat casey werd elanes 3H Br F (naga 
: Ai (i : 
HicSaiGHi *. Rr =e any aul 
st eZ? 3 arasey lant 
-Bromonium ion trans 1,2-Dibromoethanc. , 
This testis used:-for.the-detection-of adouble bond. : 
5 /Rdditionoflyponalousiacid (NOX eee 4 
Ty fhe halogenatinnsof ancalkene: is carried out in an aqueous solution, haloalcohol is: formed: called), 
Halohydrin.tn this reaction. molecules of the solvent become'reactants too. 
Jinwiodtnte (NR: DOUT may Ny REN Q-—PHOXN HX | 
! : 3 ‘ PSA ed i 2 : : 
H cealvertter SEE 
WF ale 
| c=¢ +HOX—— H-GTeoH 
f mate ce oe 
i : xX) OH 
X, = CE}, or Br, - Halohydrin 
= = Trot we es —- 
-  FICR 3 BICR 
BUR ott ihe QOUEuE 19 Los I laf teoiteid 2h 22 


r the P, in neresh pd 

< “ onibe tt TITS ooel ie 
and passed over a silver oxide catalyst at high temperature and) pressure, 
s serve as the starting substances-forthe industrial) production ofiglycols. 


~-2=-HiG=GCH; Y= 


; elon “gO \ ae om 
sci: siGhi uta 2O. Se 
BAN : 40 T (0) : ~~ Fc 
hl eat) oat el bea ONT S2" : etiylene oxide of Ethylenie'epoxide ; ee 
, in He bunonpale af Gb wine? 19 T eerti Prentice 
3 m : r,s 9 CH 7HE=GH; 
= : Ag,O : A 
pane tO HES CH Op NE <u 
= = - 300)C = (0) F Mins} NI 
Tye 


Propylene oxide 


rs epbitnslits tine! 


yeris Mest) 


2ritly: 
Baeyer’s reagent fe. 
© Dilite 1% alkaline KMnO, solutionjis called Bacyer's reagent. | 


© Itisspink in colour and acts as mild oxidizing agent. } 
% . : bitsib linia? - ‘eee a: 
* Reaction... ..,) Sa) : i re meno bis ates TES to bae 
cred koed Be BELL RIGGS AS em (Baye: 
1%) alkaline KMnO, solution. (Ba. 


nov uMbot nage SH G@uipy Ot avd! Cot er oiodhs mt 
When alkenes are treated with mild oxidizing reagents like dilute 
Reagent) at low temperature, hydroxylation of double bond occurs résulting in the 
ivinal)glycols. Theipink colour of KMnO, solution is discharged during:the reaction!! pare 
loin ene nelonarni? srodis aI iG=SGHy 1 eBsrnitg -t cod dusoiem mM 


iydroxy COMPOR 
vayosd to noire” 


formation of dih 


knowiasv j 


. ' Cc " ag t .; 
3H\¢ = CH, + 2KMnO;4 4H/o7 J sagee| > “he anno: BKOH™ 
Oh, OH k 
. Ethylene glycol” a 


also ztitestifor.thepresence-ofiunsaturationinithe molecules. 
— — — 
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susd Malihen 

; 5 £ nat tewe EE 
kene air with luminous fz 
mixture with air or OAYEeN,. cane 


nd produce CO, and) Hs© vapours. Ethene forms a histity eNplosive 


' 
‘il 


- LAa te =f , Sal, +30, —> 2€0, + 2110 heat Tehe DYNO) Shirase 


Ozone (O3) is ahi Penne x ; 

: a) 3S ahighly reactive : sient : 

santilerilitres ? ¢ allotropic ‘form-of oxyve tactet ; 

molozonide. It rearranges spontaneously to forigan cee! oxygen. {t reacts vigorously with alkenes to form unstable 
- “ zonide. yt" : soTeers 


¢ H 


t»! 


HC=Ho 10, —py— boda, Reaeangemens, KO. 3 
; sno in 9 i | | 55 : 
C.avie, be gli No~, fo) 


ey 


Ovonitles, are unstablb Brio ie ele pfetterta qonRun Ovpeatae odie Ale toe, 
poe S¥and are reduced directly by treatment with zine aieubhGe Th 
produces carbonyl compounds (aldehydes oflfiicncs):. uced directly by treatment with zine aiid/HW: The! reduction 
Fy ~) ‘. 


2H: 
‘Formaldehyde 


fo) 
Ozonide’ | 
“HYO,! + Zni —— 


Mcaq’s f ; eG i 


ples oe (CH: CH)!" 1 1 CH) 6.) (CH: . 5 
Cub ~ (CHEGFI Ol pecitits uy Rearrangenient” \ 7% SUX * What willibéithe position of double 
y 5; — PCL IC Bond When in alkene acetaldehyde 


‘} ‘Ste 
NENG Potent | | 0 


b “and propanone are™ formed: ‘on 
! 


,_ ozonolysis? 


 (a)iG, 


SZ S\ a eSNTE (b):G, 
WZ js as NO 2GH, — © —H+H,O, (c) G, 
= (d)iG, 


Acetaldehyde 


ele Fives, Za 
osition-ofdouble: ideh J 
9 ' f vine 2 = 4 ' fui 1 at 


<. I ; hye an yt fe 4 ; 
~~ ln this process” stall “organic” molecules (monomers)-combine together to form: f 
Polymers. Ethene at 400°C and'100 atm pressure. polymerize to;polythéneor;polyethy 


GH. = GE “=-GHi= 
n GH, CH, 100 atm pressure CH: te 
© i catenge hese traces of O(0:1%) +! oy 


dinaunybed ty ealo7 


teiqis sort 


: Polyethylene ; , 
° - . : . . <2 < * Cl Ext ATC , 
A good quality ‘polythene Is obtained, when ethene is polymerized in the presence of aluminium: triethyl 


_ AV(C3Hs); and titanium tetrachloride catalysts.(TiGl1),. Te =A 


Uses:of'Ethene 
Ethene is:used: 


(v) 


Ghapter 8 (Aliphatic 


. en A ne nm RS 
em et ee oat 


for the manuluctute of polythens, a plastic material 22:! for «.ciztng toys, cables, bags, boxes, ete, 
for artificial ripening of the fruits, 

as aigencral anaesthetic, RO er ae 

for preparing ‘Mustard gas’ a chemical used in Word War 1, ‘The Wane comes from its mustard like odoy; 


' * . PE Lt CE . F ur; 
not a gas, but a high boiling liquid that is dispersed av a MISVAT TAY EHC. Te is a powerful vesicantijig os 
: way alse 


Bisets, pean 
2CH, = CH, + S,Cl, 2 § Sens 

Nee OH: 6 
Na 3. Btchtwie thy auipilite 


— Awinatira Gils), 
as a starting material for a large number of chemicals ct indid@tedild U8 atieHd fie local (antifreeze), ethyl hat 
ethy! aleaholete, j 


V ae ates 


oN 


| We=0 SH = —_ 
Propene 2 Bottles, plastic, plates, clothing, carpats; 
crates and ropes i 


Insulation, foodicontainers, model kits 
flowerpots, housewares 


Vinylchloride 
HY 2c 


Be SA 


Floor coverings, window’ frames, water pipes) 
gramophone recorder 


Unsaturated! hydrocarbons which contain'a triple bond:are.called’Alkynes. . ; = 
They have the general molecular formula C,Hon-2 and contain two hydrogen atoms less than the corresponditt 
alkenes. : : ‘ 

The first:member.ofithe Alkyne series has:the:formula!C3H) andiis known.as ethyne ora 


cetylene..._.— 


Micinal|Dihali 
= ae Set . idjact® 
i atment witha strong!base eliminates two molecules of hydrogen'halides from two ay 
carbons'toigive an-alkyne. Pius te pth : ' 
<a Pr i: . itt Hl 
Base 
Sw <i Sie : 
xX; Alkyne 


4, 2-Dihallde 


Nydrecattigy) € 
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H.C~c¢ avon e= 5 
e GH + KOH Sheregon HG = CH, 
Br Br Br : 
1,2:Dikromocthane Vinyl bromide ’ 
Alcoho! 
HO=CH + KOH aoe? HC= CH + HBr 
Br H Ethynoe 
Vinyl bromide : 


ny 


The second ; me ae Ene helt 


a ESE a 
2{Dehalogenation(ofivietrahalides ’ : 
Tetra’ “one F rr eh 
or er on Beatment With active. metals:Jike Zn, Mg, etc. form alkynes. 
(i) Heo + Zn —> eit + ZnBry ESTES Ses 


Br Br. 1,2-Dibromoethenc 


Wl) HC=GH + Zn >—> HC=CH + ZnBr, Ee eds ies ree: 
Br Br 


A ETT 
g)|ElectialysisiofiSalts(ofUnsaluralediDicarbox 


iof Selis[of UnsaliratedDieamoxie/Aalds 
f “olbe's electrolytic tethiod involves electrolysis of aqueous solution of Na or K salts of unsaturated 
dicarboxylic acids. 


I 
Hc:-—C—07 eter - 


HC —C—OK™—onization : <n : 
HC —C—OoK’ H,0 He —c—o" a POE aie thsoulen ae 
i i 5 =i 
ie) ; 
Potassium maleate Maleate jon 
Atanode:- 
I = I 
HOC—C—O Efectrclysis HC—c—-O 
Il =——_1l + 2e 
WA —o) BC Came 
(9) 
; Maleate free radical 
lh 
HG—C—O - 
i ———— ||| + 260, 
HG—-C—O0 HC 
Il Ethyne - >— i a 
At Cathode:- spate Toes " 


2H.0+2e —— > 20H 
2K'+20H ——=» 2KOH 


Industrial Preparation of Ethyne 
On industrial scale ethyne,is\prepared by the reaction oficalermmcarbide| (Exe, jwvith water, \Calcium|carpidetis 
Prepared'by heating lime'(CaO) and coke (C) at avery high temperature:in an electric furnace. . 


CaO +3C——> CaG, + CO 
seanrete es 2 aS | 
[| ‘ce + 2HO —> Ca(OH), + HG= CH pV CME 
ol Ethyne 
Calcium carbide 


al.Characteristics Se oR om 

1 They are colourless. odourless, except acetylene whichihas aigarlic like’ odour. “) 

2. The first three members are gases (ethyne. propyne. butyne) at room temperature. The next cight members 
(C.-Cys)are liquids andthigher members are solids. 2 : . 

3. The melting points. boiling points and!densities: increase gradually with the increase in molecular Masses, 


4. They are nonpolar and dissolve readily in solvents like ether, benzene arid carbon tetrachloride, 


err eyes ey pn | 
Reactivityof/Alkyne wis mie 
IncalkVines:-the carboniatoms-are held toyetherby:a triple: bond. ao: bond'and!two n-bonds:' The Clectrgn dene 
ry close to each others Electrons: new triple bare 
Mae RN ne NO, 


between. the carbon atonis is very high whieh’ draws atoms ve j 
therefore. less.exposed ‘and thus less reactive towards electrophilic reagents. Bhool crest 
ra = ss ae" rs Osa 

- SIGR £0} 5 DoS GT ; 
ReactionsiofvAlkynes 


AS 


(Addition|Reactions: 


Alkvnes undergo additionireactions like alkenes but additwo molecules of the reagent instead ofone, 


Ethene 


One or two molecules of halogens can be added to alkynes giving dihalides and tetra: halides. respective). 
Chlorine and! bromine addireadily while iodine:reactsirather slowly... ~~: JadiGrniciueatote nee 
— cc, 
HC=CH + Gl, —> 
Ethyne ci oS | 


4,4, 2, 2 - Tetrachloroethane ; ee — eee 


eansneall 


and hydrogen bromide to form idihaloalkanes. ‘The reaction occurs 


aecordance with Markownikov's: rule. 


ye 


s * HC=CH + H—Br —=> H@=CH 
toe ~~ = = sone 0 ee. we re Tiles oe tg me a ES Oe OF 


Eth testa’ 
yne Weep ls? to ns : goes pres! 
ive 2 i ROE ess uti alee? fatsesulian 
oa eset PU ciourampa 22 ak y esngat eonibntl 
e | 4 adcition H,€ — CH 


Te la 14) a == 
Addition (oriwater 

Wine ei tegaie Arto... ee | es Bot cli! = 
Water adds to alkynes in the presenée of mercuric sulphate 'dissolved:in sulphuric acid at 75 
important industrially. Vor example. Mant - 


sete gogeltito’| 
oc, The res 


ix (Su bjective) 


a 


= paagt AUT O) Boe 


CSGHitHOHTe HCECH oy a ne 


3 


“bh 


0 
+O aye : 
iis thane 


OL 


ris ihe ar it 


CREED a Es RAS AVY AIeOHOI WT ling ese wat bin deer ba. 
enol: Fhe enol hasithe-hydroxseeroupsatiaeghed toa doubly bonded carbon ators and” 
iNet rat ty OH 

@ is... ° 


} ~5H,C) = «GH Sete = Hi ==Cie= H3>=9 -~-bS= aH 
take Acctaldehyde 


' 4 
wi 


AlLother alkynes give ketoriess @ 
d >Re NigSO, « 


Vinyl alcohol is anvunstable: 
isomerises to acetaldehyde, 


IF - = ou sah eS Ft 9 9 famed 1 fet Fh 
| Acetone (Ketone) 


niof/Ammionialandikydrogen Cyanide: 

NH: and fICN react with ethyne in the presence of suitable eatalysts. lo.give nitriles. 

CH= CH+,NH, AO, Hie seiceioH, 
“* 300'C- = it 


acer cyt 
i 


snsiacan to nalisinigt 


Acetonitrile snoxaee of Sa en 
CH='CH*+HGN SUGUINILG) eH GH-— EN. Oech boeane wad 
Acrylonitrile 


_— IP 
‘ < Cc | ies 
—>- SHO== CH42H-0-4=2{0} SEMGOE HG=-——-GH=O HC — CH. 


ethyne Glyoxm 
’ Sut. al) taf tag ot i 
= hita earl tye 
ths hau ; WiIPs vorid 2 
WeiP baronies oth anbener 
HC 
it 
) he re J ; SHU ar anenio in Litt i} 
Glyoxat ehaitrcide a5 Visur 
Qaicaed ete vi Dit = = are 


Alkynes when burnin air ar oxygen produce Lian eyolvesCOrgnd | AIT heirenerjon ts highly exothermic. 
aioe Hames used bpaweldiigtns cutting of mens 


for acetvlene x » resulting oxyacetylene 
eetvlene mnie resultit be i Se eee »bewACO!+2H,O Hhedbie ris. 
otto slbndintes =C ; . io 


sak muthae 


stil vrs, (p) 


\ o Teoptarinat oli m 28 Ss on! waay! 
FOCOR'S FIOR Asis Hivvlie bas 
oy ya(40 y= O03 -—— 19 ara 4 


rization 


epending upon the temperature and catalyst used. 


-aear or.eyelic-componnds d 
ve Tinearon.e) ompoun 


CAT AIS nerve i] ° S - re Sie serge y 
Hl Aisi oe ae » different from the polymers of the alkenes as thes are usually low molectlar weight 
OWever. these polymers are 4 : eee : 
ee = TAMAS £0 = th +— is BOM 


Polymers. OHS + O41 


1. Conversion of Acetylene to Divinyl Acetylene 
When acetylene is passed through an acidic solution of cuprous chloride and ammonium chloride andthe 
allowed to stand ‘for several/hours at room temperature, vinyl acetylene and divinyl!acetylene are obtained, | 
HO =CH +H =CHCUCaNH.C!, 1 6 CHC SCH 

Vinyl acetylene 

(1-Buten-3-yne) 
H,C—= CH —C =C— CH= Ch, 

Divinyl acetylene 
(1,5-Hexadien-3-yne) 


Cu,Cl,,NH,Cl 
H,C =CH— C =CH + HC=CH — 


Formation of chloroprene 


If HCl is added to vinyl acetylene, chloroprene is obtained which readily polymerize to neoprene, tise | 


synthetic rubber. : 
H,C =CH—C=CH + conc. HC] UCN! 1) ¢— ¢H—E = CH, 
Vinyl'acetylene __ 


Neoprene 
#H,E—CH=C=GH4 


iC], 


* First man made tuber 


- Gl 
Chloroprene ... 
Formation of:neoprene 


Chloroprene [Bolymenzation, Neoprene (synthetic rubber) 


2. Conversion of Acetylene:to Benzene 
When acetylene:is,passedithrough:a copper-tube:at 300°C, it polymerizes to! benzene. 
H 


I 
nee 


Benzene 


Ve 7 
= } Gr 300°C 
er 
| 


H 


Cu-tube 


Q23.(b) Write a note on the acidity of ethyne. 


 AcidiciNaturevofiAlkynesIyy : 7 

In ethyne and other terminal alkynes like propyne, thé hydrogen atom is bonded to the carbon atom whips 
P overlap. Anisp hybrid orbital/has 50% s character ‘in)it andirenders the carbon atom:more electronegative than'sp® and sp 
hybridized carbons. As a result, the sp hybridized carbon atom of a terminal alkyne pulls)the electrons more strongly 
making the attached!hydrogen‘atomislightly acidic. 


H'—=C*= Co =H" 
(0) When 1-Alkyne or ethyne is treated with sodamidein'liquid'ammonia or passed Over molten Sodium, alkynidés 
acetylides\are obtained: 
= liqiNHs, 
R—C=CH-+NaNH,—2 
HC=CH+2Na ———>. NaG=GNa + 4, ; ear 
F ~ - Sodium acetylide . : 
Sodium acetylide is:a\very.valuable‘reagent:for.chemicalisynthesis and is essentially ionic ininature. i 
ii) Acetylides ofcopper and ‘silver. are obtained /by! passing acetylene inithe ammoniacal solution (of! cuprous'chlon 
and (silver. nitrate respectively. : - 
HC = CH + Cu,Cl, + 2NH|OH =» GuG = GGu + 2NHICI+ 2H!O oe 
Dicopperacetylide Lee 
(Reddish)brown 'ppt:) ' 


-R—€=CiNa-+.NHj..-— 


HC =CH'+ 2AgNO, + 2NH,OH———> Ag@ == \CAg + 2NHINO, + 2H:O 
Disilver.acetylide 
? (white: ppt:) 
Silver-and copper acetylides react with acids:to regenerate alkynes. 


Chapter 8 (Aliphatic Hydrocart, | 
— — 9 S } 


AgG= Q. Distinguish’ between: 


(i) I-Butyne and 2-Butyne 
(ii) Ethyne and'Ethene 


CAg + H;SO, (dil:) —_—«xHO = GH:+ Ag;SO, 


AGE = CAg + 2HNO, ( 


~ dil;) ———__, phe=c ; 
These alkynides are used for.th HC = CH'+2/AgNO, 


preparation, purification, separation;and {identification of.alkynes. 


Ethyne is used: : 


(i) m oxyacetylene torch which is intumiused for welding and‘cuttingimetals. 
(ti) for-the: preparation ofialcohols; acetieacid andiacetaldehyde. 


iii for the:mz q i ; 
(iii) e a eae of polymers like PVE, polyvinyl acctate, polyvinylicthers, orlonand neoprene.-rubber. 
(iv) prepare. acetylene tetrachloridea solventifor varnishes, resins, and‘rubber. ; 


(v) for-ripening. of; fits, 


Q.22 How you could distinguish ethane, 
reactions? 


ethane and ethyne from one another. by means of chemical 


Distinguish 
[ “Alkane. Hl 
\(Ethane)) _ | 


‘Between Alkane, Alkene and Alkyne 


~ /Aikene) mile 


ene ‘Alkynie) 
(Ethene) 


‘ ((Ethyne)) 


Decolourises 
C,H,'+ Br, +-——> CiH,Br, 


Br,/CCl, 


Decolourises 
CH, + Br, ——> C,H,Br, 


No reaction 


| Decolourises '|* Donot react with dilite alkaline aqueous solulion of KMn0} 
« ‘Alkynes are oxidized by strong alkaline solution af KMnO, 
lo give oxalic acid, j 


Baeyer’s reagent 


(Alk. KMnQ,) No reaction 


.CH, =CH;#)H,0 +[0] ——» 
t CH=CH + 4{0] ——+ (Coon), 


5 } TReddish brown ppl 
Ammoniacal 


Cu,Cl, No reaction No‘reaction 


CH GCu 

I + Cu,Cl, +2NH.OH —» || +-2NH;cl+2H,0 
[CH Sole CGu 

|] White ppt: SIE aamtaair 
\|;CH 


Tollen's: Reagent 


(Ammoniacal AgNO ) No reaction 


) , CAg 
Il + 2AgNO; + 2NH,OH—> |] +2NH.NO, +2H.0 
» [CH CAg 


Q2q. (a) 


Compare the reactivity ofethane,ethene/and‘ethyne:- _ 
Comparison of Reactivities.of/Alkanes, Alkenes and /Alkynes i 

The general decreasing reactivity order of'alkanes, alkenes and alkynes is as follows: 

‘ Alkenes > ‘Alkynes > Alkanes 

It has already. been explained that;a a=bond)in‘alkenes:isinot only weak’ but.its electrons.are more!exposedjto/an 
attack by an electrophilic reagent: ‘Both these facts make the alkenes a very. reactive class of compounds. Alkynes 
although contain two m=bonds are less reactive than alkenes towards electrophilic regents. This is because the bond = 
distance between the two triple bonded carbon atoms:is very short and ‘hence the x-electrons. are not’ available to be 
attacked by electrophilic reagents. Alkvnes are, however. :more reactive than alkencs'towards nucleophilic reagents. 


1. ~ Hydrocarbons. care made up: :of carboniandihydrogen only. Saturated-hydrocarbons are called\alkanes, They, d 
contain functional groups. et eS ee ae 

De Alkanes react with halogens by a radical. méchanism to give haloalkanes. The mechanism consists ofithree: si 
initiation. propagation and termination. = “Ws 


3, Alkenes are unsaturated hydrocarbons with at least one € =:C. The double bond is composed GF 


bond. Carbon atoms in alkenes are sp” * hybridized. : vets sy 
4, Alkenes are very reactive compounds: Tliey tindergo’ electropliilic:'reactions-very easily! 8 eee een iy 
5. Addition of unsymmetrical feapent to an cufisy re rriea alkene takes ' uC ‘ini: accordance: “With 
Markownikow’stule: © ¢' t- oe Weare tee{ We? attend Nyt g 
6. Alkenes canibe very easily oxidtaddwwith cold! Kn; gett Osior ozone: ‘With ozone sibatli the bonds betweg 
' carbon:atoms are cleaved. SHA de uilisdt jal = 
7. Hydrecas Donsic containing. a\triple:bond are known as alkynes or acctylenes. 


elas feaclions: andi ‘wo! ‘molecules ofia hreagentia are addediin it. 
n: and: ‘they- react: with: ey ee 


ith cthene'to'form 


(i) Ozotie reacts 
\ (ti) Lindlar’s catalystiis usedifor , _ ofalkynes. wou Zt oth i Lal 
(ii): | -Divinylacetylene:is.a acetylene. Has tin ME Poe | 
~-2-—-(iv)----Vicinal- dihalides-have-two: halogens on —.~.carbon atoms. .....-:-—-- .. + -- oe Se) 
(vy. © Ethyne is:acidic in character because of Ely oruiaions: ea i 
\ (vi) Halohydrins are-formedidue to;addition:of-. incethenes: i.) FE 
(vii) “Ethylene glycoliis produced when: reacts with coldialkalineKMnO,, solution: Pe 


(viii) Mustard gas'is'alhigh|boiling: : ' 
Ethyne'‘has. like odour: acne: + FB sss ot 
(x) -Ethyne i is obtained by the reaction i with calcium carbide. ' e 


Answer’ Ker: : = <a ys 


ca id). 
[ratmest—[ Oy Ls 


(i) place according to Markownikov's tule. | 


“ agli 
Gi" aM its is colo ig ‘discharged 
(iil), Waiaanigee eal ‘blistering: ‘agent. i, Sa ae 
ea Sissies aise ak: ORE 
2 1G Methane is.also, calledimarsh.e gas, 


sine; isiass saturated| compound. sity 


StH us 


aed) 3 
(vi) Baever’s reagent is ‘used: (locate'a double bond! ‘in analkene. 
(vii)  Alkanes:usually undergo substitution reactions. 

(viii) Benzene-is.a\polymer ofiethene. 

(ix) Acrylonitrile canibe obtained from ethyne. 


[Ethyne is more reactive towards electrophilic reagents than ethene. 
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cctive) 
183 
Answer Key. : 
) ' ’ 
7 I mG ice GC retin ~ 5 HS 
Q3. Teles Choice Questions, Encircle the correct answerast lt 
) Preparation of vegetable ghee involves 
(a) Lalggenation (b))11¥dFOpenation HO (eyendrossptati ; (tit 
(ii) Formula ofichloroformiiss- Chrivdroxylalion: —— 
(a) CIRC] b) Ce lonesltif 
Be gh (b) CEljy,_ 1-100 (c): CHCl, (d). GHCI 
(iii) Nhe presence ofiaidouble “ 3 


hondiina compounili ‘is the: sign of: 

(b) Unsaturation 

ES) Vinylacetyléne combines with HElitoiform: 
(a) Polvacetylene 


(2) Saturation 


(©) ‘Substitution HoH + dah 49 


(b)\Benzene .. 
(a) tihot puyrenganryend(C) Cliloro rene 
ty) Phe addition of unsymmetrical: ‘reagent.to-aniunsy : 


(a) Pund’srule 


(d)) iDivinyliacetvlene 


(b) Markownikov’s rule (c)\Pauliis Exclusion:principle. <<. oe 

le (c)\Paulifs Exelusian rinciple, , % 

(vi) Synthetic rubber is made by polymerization of: i ee i) aasnsnl 
(a). Chloroform (b): Acetylene 

(vii) B. B'-dichlorocthyl sulphide is commonly Known as: 
(a) Mustardigas 


(c)!Divinylacetylenc @), ee 


(b) Laughing gas (c)!Rhosgeneigas. 21°) (2.282. (dd); ion Ae 5 


Wien methane reacts walla Gly in} the presence of diffused /light,‘the; jrndutobtaned are: 


(a). Ch loroform ‘only, ‘ab 2 a = 
: T Te) yo 5130}. a7 betsonxs 
(c) Gilarometliane ‘and dichloromethane " 


(ix) Wuliich(o one Eat te) foll wing 


ms aes 


hast 
“ 


ses is used) ifo aa ripening of oft Rui 
{ f i. BIN WE SNBINSGIUAG 
eae (G)] Methane. Ch Propane. Re le 


icy 


jhWexstable Cis Soe *Veueig i [an 


‘(b) Markownikoy'sirule {egative part of attacking. reagent’ goes ta ay cain containing’ 


| double bond andi Les Least number ofi hydrayen: ala ! 


‘ 


a od gas, bul: a igh Galli ing Jiquid, 


SRT AN 


arias 28 SOLVED AN : 


Q9: — -(b)-— How wilkyou bring abouttthe: following:conversions?— 


1] eos Sc ae — 
(ii) Ethane to inet HY HO— -HO—-.HD-— -5o i¢) 


(iv) Methane:to nitromethane. 


i 
a 


(i) Methane to ethane. 
(iii) Acetic acid to ethane. 


Ans. (b) (i) Methane — Ethane 
CH, + Cl, —" + CH;-Cl + HEl 
; Methylchloride 
CH; —Cl+2Na+Cl-CH; —=™* + CH;—-CHst2Na€l 
Ethane 
(ii) Ethane — Methane 
CH; — CH; + [0] sa CH; - CH, -— OH 


400°C /200atm 
Ethanol 
OCH,— CH; 


I ‘Eth 
GH,—=CH;—OH + CH|Mgl———> CH, + Mg 
Methane 
\ 


; Ethoxymagneslum iodide 


\ (iii) Acetic acid ethane: 
CH;,COOH + 6HI —P?_» CH; — CH; + 2H,0 + 3h; 
Ethane 


(iv) Methane —> nitromethane: ° 
CH, +HONO, —2"S-, CH;—NO; + Hi0 
Nitromethane’ 
Give structure formulas of the alkenes expected to form by the:dehydrohalogenation ofthe. 
following. compounds with a strong base: sti 
(i)1-Ghloropentane (il) 2-Chloro-3-methylbutane (iii) 1-Chloro-2, 2-dimethylipropane 


Ans. (b) (i) 1— Chloropentane con; 
SCH, — ‘CH; —?CH)=?CH,— 'CH; + KOH—*-» KCI +30 + *CH;=‘CH:—*CH,=*GH='CH;, 
Cl 1=Pentene 
(ii) 2+ Chloro -3- Methylbutane é 
CH;—CH—CH- CH;+ KOH —“S>> CHj= € = CH CH; + KCI+H30 


80°C 
Ll | 
CH; Cl . CH; 
: : 2'—Methyl — 2 —butene 
(iii) 1 — Chloro:-2,2 —Dimethylpropane: : - 
CH: ' : : 
= 
GH; —€=CH,+- KOH —A» No reaction 
| | Se: 
CH; Gl : Seen 
: - Because B — Hiis:not-available 
ai3. (a) 
=() 
Ans. (a) 
(¢)) CH; —CHy— CH; — OH 


a2. (b) 


Write:down:chemical equations for the preparation‘of propene from the:compounds- 
~_CH,=CH,—CH2=OH' (il), ~-CH,—C=CH: (ili), —iso-Propylichloride—_— 


Chapter 8 ‘(Aliphatic Hdrocatiny So 
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185 
CH; — CH, ~CHs— OH 73%01l4 SO, 
2 2 — 3 
140- “Fes CH ‘ =(¢ LY 
Icajpropundl 0-170°C (ie GH3+ H30 
ropene 


(ii)  ClHy;-C=CH 
Pd(BaSO,) 
CH; —C = CH +H — >> 
ss} Quinoline CH; -—CH = GH; 
propyne 
(iii) iso-Propylchloride 


CH; - CH-CH +KOH Alcohol 
| 3 > ——> KCI #H30,+ HjC- CH= CH; 


‘al Propene 


Propene 


Q13.  (b) Write skeleton formula showin 
alkenes of the molecular. formula G:H 
Sa ee ee =, 10: 


eo . 


ans. (b) — Possible alkenes of for 

; formula-C 

(i). ‘CH; MEI; CHOW oH. 
l= Pentene ms 


gonly the arrangement of carbon atoms for all:the possible 


(ii)  *CHs-?CHi-°CH =?CH-'CH; 
2 — Pentene 


(iii) 'OH, ee *GH;- 26 CH; (iv) {CH JOR x 26 loH 
; y- € c- 3 
? t H 
2— Methyl -1-b = i 
ey y utene 2. — Methyl '-2-: butene 


HyC - €-CH=GCH; 


CH; 
3 — Methyl -]- butene 


Starting.from ethene, outline reactions for. the preparation of following compounds. = 


(i) 1,2-Ethyldibromide, (ii) ‘Ethyne 
(iii) Ethane (iv) Ethyleneiglycol 
Ans. — (b) 


0) 1,2 — Ethyldibromide 


CH3 =CH; + Bry ny CH:-GH; 
Ethene lil 
Br Br 
1,2 —Ethyldibromide 
(ii) Ethyne 


CCl;. 5 
Ha€ = CH: +’ Br2 = Tore 


Ethene 
Br Br 
H3€ — CH; +2KOH se HC=CH+ 2KBr+2H,0 
| Ethyne 
Br Br : 


12 — Dibromoethane 


~ 186 eethdeteet pdeetninsEn ibid padi *) 4 > | 
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(itt) Ethane r Ee 187 
We Cle, —— > the CH B dd) EO 
sn er rae a 
Ethene Kthane z= eo a CEL + Br] ——— Sa hic -CH, 
thene 
(aw) Lihylene elyeol Kal 


Br Br 


UEC Cle 2k MEO IMnQs DROW UbC CH 
BC ACs OLS et : 1,2 = Dibromoethane 


«C — CH: -+ 2RO New vee 
OH OW a ee ? 2K0H we ARBr+ 210 + IC =CH 
Lthsfene alscel nts 
Br Br Ethynie 
Qua. (c) How will you bring about the following conversions: 
() 1-Butene (o 1-Butyne aan Ethene to Ethane: 
Onl -. NI 5 
| ’ HC =CH+ Fy wre HC = UH 
J A Ethyne Zhen 
s (ii) 1-Propanolto CUy ¢ W- CHCl < : ¢ Ethene 
. ——S ’ HC = CHy + Ty so BAC CH 
: Ans. (c) : 2-10" 
Ethene Ethane 
= = ; = aig Ss ge EEE EE 
(i) 1 Butene to) Watvne | a6. Write down structural formulas for the products that are formed when 1-butene will react with the 
. Whe Che CHE CHA Bry CH aT CEE Cid following reagents: 
SET (i) My Pt (I!) Br, In CCl, (iil) Cold dil. KMHO,\OH™ 
Bes (iv) HBr {v) 0, in the presence af Ay (vi) HOC! 
© CH CIR CHE CHE IROOM 2 So IRB LOH CHE CCH ie Ub, Ce Be . 
Ans. es = 
1. Botwsne ‘ 
ae i i, Pt:- 
Wee ; ” : "1 
(ii) TP Propanelto@ ih CTE CincT Gil ~ CH, ~ CH= Cth th > Chy = CH) CH, Cth 
| — Butcno h~ Butane 
oll | an Br, in CCI, . 
° CH. CIE Ou eal IS oof [pny ca RE CY FELON HO Chl, ~ CH, — CH = Chhy + Bry file 5: Gt, CH, ~ CH CH; 
1 Mropanol Propene Butene ! . 
fr t 
. ‘ {oad Cll, } 
UB SSE ASH acl UTE on Uy | 1, 2+ Dibromobutane 
Praypeie Sto; (in) Cold dilute KMnO /OH 
1 Chloe — 2 Poopsnal | ICH, -CH,-CH-CHy2KMn0yH41 0» ICH CH CIE GH HaMnQe2KOH 
: ehaatyas - Ny bth 
Qs. Show by means of chemical equations how the following cycle of changes may be affected. OU Ot 
| 1, 2» Butanediol 
Se Poerbere : rise hima 
iat ——e ithene + | myn (ivy re 
- — >of ) CH, ~ CH, - CH = CH) + HBr =? Ch = Cs i: Cs 
\ 
Ans. bihane ——* Euhene ~- eithyne | te 
t ; 2. Bromoburne 
a 
{ tthane >» btherc f+} O; in the presence of Ag- ; 7 
: HC CM Br = I CH. Br + ns H,C-CH;- CH = CHy+ Y40,—air” Cth Bp Ys j ; 
at Url throcsiak \/ 
x O 
- : . “ > ac NOS O tulylone oposite 


(vi) HOGI :- 


CH; - CH) - CH= CH; + HOC] ——> CH; —CH2—- CH—- CH: 
ee 

OH El 

- ]- Chloro — 2 — Hydroxy butane 


(Mii) Dilute HsSQ,:- 


CH; — CH.-CH = CH2+ 'H — 0 - S$Q,H — CH; —CHs- CH —CH3 


| 
OSOj3H 
2 — Butylihydrogen'sulphate 
OS0;H 
| * 
CH;-CH2-CH'-CH; + H,0 —““> 1:80, + CH; -— CH:- CH - CH; 
| 
OH 
2-'Butanol 


——__—_________________________________ 


Q17. Inthe following-reactions identify each lettered! product. 


(i)/Ethylialcohol cone S04 >A Br >B ie >€ 


(ii) Propene Uy >D alcoholic >E ICN >F 


KO 
Ans: i 
Cone.11,S0. Br: | Icoholi 
(i) Ethylsileotiol ———> 4 —=> B —Eoy PC 
75%l13 SO, 
© CHi—CH)— OH Fag jzgee > CH= CH: + HO 
Ethylalcohol Ethene 
° CH3= CH;+ Br, —S4> GH» — CH} 
od 
Ethene ~ Br sBr 
1-2'Dibromoethane 
Alcohol : 

© CH, CH) + 2KOH —g50¢ HC = CH + 2KBr + 2H;,O 

Ihre | 

Br Br. Ethyne 

1, 2\—:Dibromoethane 
Hence 

A= Ethene B= 1, 2 ='Dibromoethane 

¢€ =!Ethyne 

Bi) a iN 

(19) Propene > : pee iE = 2 F 


Chapter S (Aliphatic Hidrocaig, = 
Poni) 


Scholar’s CHEMIS 


> CH CH=CH eu | 
5 CH, + Br, —Sch_, Hi@—C - GH,: 


lin 
: ‘Br ‘Br. 
y l= 2'Dibromopropane 


© CH; —CH-CH; + 2KOH 


on 


Br Br 
° HC — € = CH-HHEN 


Alcohle 
Kor 2KBr + 2H30 +CH; —C. = CH 


Propyne 


Cusch, 
ES HSC -C SCH; 


CN 
2. Gy 
Hence n 2- Cyanopropene 
D= 1, 2 - Dibromopropane R= 
F = 2'Cyanopropene . Propyne 


ais: After an ozonolysis eaperiment, th ss <= = : — = — 
zonalys , the ‘only product: obtained -was. = a 
__Buessithe structuraliformula of,this‘compound, am s acetaldehyde, CH;CHO: 
Ans, © 2—Butene a ROUNnd. 


‘Gan you - 


3 


2;- Butene 
OQ 40 
\o/ 
Molozonide’(unstabla) 

6 CHs-GH=GH=CH, Oe « “43 
Ae es Oy San oe ee 
NoZ =O == te 

} Ozonide 
ii Molozonide : 
ott; 10) GH, 
s \S7 SY i 
at + HO. ==> 2CH;— ‘© —H+#H,0, 
|. <9JPSues Acetaldehyde 
oO- (0) 
~ Ozonide 


1hOi+Zn — ZnO +130 


Qig: (a) 


The addition of'sulphuric acid to/an/alkene obeys! Markownikov’s rule./Predict'the structures 
ofithe:alcohols obtained by the addition ofithe acid to the following:compounds. Cen Figs 
(i) . ‘Propene 

(ii) 1-Butene ; : - } 

(iii) -2:Butene! : iS a 


Ans. (i); Propene: 


-O Sa OSQ3H 
| 


H3@ ~ CH =CH3+H-O-$ —O—H iHsE =GH=CHs 


WSO TT 
5 He CIE Cie Hb@ - rT) CHE CHL: ISO, 
OH 
: 2 Propanol 
ail) 1 - Butene : 
° the CH. CH oChh | EP @) Sut ARC Che Cle Clk 
OSH 
° BC OGLE CLE CHR The "Re CHB CHE GIR: TESO, 
OSOg . OU 
2) Butanol 
; yt) 2. Butene 
° me CEP CH OCH OE a) S@a chk Cre CH Cll 
SO 
onl 
° Clk Clb CH CURE EQ SCH, Cl CHA - CHE + EBSO, 
: 2. Butanol 
SO) 


Ans. “(b) Ihe ndition ot hydrogen cliloriddest to 2 methyl -2 ibuiene takes: place in two steps. 
a) 2 Methy!-2: butene accepts the-proton of hydrogen chloride as follows: 
oe 


GH - Cli —-€ Clk H.-C Ghk CMs © Cl Cr 
WV. 


CLI; = * Chl; 
: Carboeation 
Gis ‘The carbocation thenireacts with chloride ton, 


-piere hI BA 
Cl, Chis V2 EIR © ACH, 
j Ci; 

; 2-Chloro -2-methylbutane S 2 
Q21. (b)) How does ethyne:react-with: 


(i) Hydrogen (ji) Halogen acid (ii) AlkalineKMnO, . 
ene) (iv) 10% H,SQ, in\the presence of HeSO, : (v) Ammonical cuprous ch 


(c) 3 


How does cthyne:reactwith 


Chapter 8 (Aliphatic Hidrocarie 


soos eas ESS 


Ans. (a).(1) Acetaldehyde 


eK Mention:'some.important uses of, ‘methane, ethene and’ ethyne, ee 
Ans. (b) = : 


. livdrogen i = 
u) eee 
. ME SAG Us se Gt S Ise SGU, Sp Ne GH 
Ya wa i I> ote 
“Hihyne (Ethene Kithene fitinine 
(i) Halogen Acid: : 
a He Clt+ Ht -Br— IkC =CH ba 
fthyne ; ; 
; ° IbC CH He Bre The: CH 
Br. H 
Vinyl bromide Br Br 


(in) = Alhaline KMMNO): a 


: Dibromocthane 
OW OH 7 


Ol OU 
| i ; 
5 Tag ° He -@ly-— C ¢ ed 
© HC CH J0)+ 2h Me ery ge Hl iia 
Kthyne { OH On WM 
OHO ; : 
11.2.2-"Tetrahydroxy ethane - oOo 0 0 
° HE GH 2j@, Soo. GOH 
2 _f__ Gilvonal Opalic acid 
(iv) 1D TSO, in present Poh NSO): 
1) 
— fent ll 
uC OCH: Ohl =o > Ihe -Ch-O1S=—= CI Cat 
Hiths ne Vinyl alcohol : ethanal 


(VY) Amnonieal CusGh: 
HC CH» Cweh + 2NMOW > 2NINGI+ 2150 #Cue ~CEu 
Dicopperacety lide 
(Reddish brown ppt) 


Q23. (a) How.will you synthesize the following compounds starting from ethyne: 


' (i) _ Acetaldehyde (ii) Benzene (iii)  Ghloroprene 
(iv) ‘Glyoxal > -  (v)— Oxalicacid (vi) Acrylonitrile 
(vii) Ethane (viii) Methyl nitrile 


(b) Write a note on the acidity.ofethyne. r. 


——— SO SESSEOEOEYEES EES OL ——_—_—_— ———————————SSS—l_E== 5 
a 


He Cis W- On RR Ik¢ = CII - Ol 
Vinyl alcohol 
O-H 0) 
Ie | 
IhC = CH = mnc-€-1l 
, acetaldehyde 


tii) Benzene 


3HC ICH ou Cc 


Co-tobr 


5: { 
= Benzene UB 


CHEMISTRY = Bott At (Su jective 


gqhotar’s © Ace eae aa 
ee a a  f88) 


Mathvinitrile 


(iii)  Chloroprene = 
ill) 


° HC =CH+HE =CH och HLL, H,€ = CH-C=CH een: us — ih 
. Vinyl acetylene = 
=e : Methiyinitrile 


eo’ -HyC=CH-C=CH + Cone. HEI SAE HC =CH-C=CH) 


| 4 : 


q25.. How does propyne react with the followingreagents? 
APNG. / NH: = = Sf 
(a) ABNG,/NHAQH (Hy cusch/nnou 


cl , 
. (c)___ Hi0/H,SO, HgsO,. . 
; ai Chioropréne ans.) AgNOy/ NH; OH — —— : a: : 
* (iv). Glyoxa ae : Chih 
a ge HO OH g os ae Se ES NOR SS 10+ NHINO;+ ex - ~ Ag - 
rop ; 
| | . Bi yy Guch /NEWOH Silver: Propynide helt, 
°. . HC=CH'+2H0 +20) He, Hg aH ; 2Hse Ce CH + Cush +2NHOH 2Hio+2NHIeIn2cHKC=e=ccu bat 
% . u (cy ‘p 
HO OH (9) HxO/11550,, HgSO, SS 
- 2° 4,0.2.2 -Tetrahydroxyethane HiC-C=CH+H-OH oe Hes, ry ier 
OH OH : ‘ 3 = 11,80, H;C~C=GH; 
|! | ae Propyne : z | ; at 
0 H@- CH —82->-He- CH ‘OH 
OH! (OH oy 0 reas © H\C-C=CH,==*CH, ~C-CH,” 
; * Glyoxal 8 =| : A SER 
(v) Oxalic acid “ : . ww & cefone She 
: Se Pe OH . OH : oeay ; 
5 : : | EE Q26. A compound: has amolacular. formula Gite When! it 1s treated with: axcess: hydrogen’ ‘in, the presence 
5 HC = CH +.2[0] +2H;O —-»> HG ~ He of Ni-catalyst, a new compound.G;Hio is formed. When G,He Is treated: with ammonical' silversnitrate, 
Ethyne | a white precipitate is formed. What isithe’structural, formula‘ofithe given compound: 
: a a GH -OH Ans. There are two compounds having molecular; formula’ GiHe ' pare h ot 7 
‘ ‘ 1.1.2.2 — Tetrahydroxyethane : () © CH CH,-C€=CH ; nPare os 
=OHVOH ose Pee ee = > ee fen fos : ai Ne 
eel | Hgts OOM glia te oe os Spel Qs ee ee (i) CH= ¢ =e =H; : ; a 
° H€-CH => H-C-G-H+2H,0 SP Reers Se, BSS 2—Butyne . Fe eR heed et aay paula eee EN : 
4 A ‘Il Il & y ee i ‘When sooth of them)are treated (with excess’ hydrogen. inithe Presence of Ni-catalyst;.a/ new. compound ‘€4Hio is 
OH OH 0-0 . ; j Pe ce Ses 
Qo Oo. SS ec ib Butyne aie i 1c rhs or ay Ni: 
At dl ae Sts * ~ CH;-—CHy C= C+h—="> GH;=CH;-CH= = Crh at 
He - CH gil HO-¢~C-0OH oe = ee | 1\=Butene 
Glyoxal Hil n Hibs Cie H GHA 3 ; 
0 0. CH CH-CH=CHyt HS CHi=CHe CH eh . 
; Oxalic acid n= Butane 
(vi). Acrylonitrile \U) ee 
ae : Acrylonitrile ; 2- Biya) “2Bulene “ii ; : 3 
__ Ethane * ~ GH; CH=CH HCH GH-CH-CHre 3 et F 
G H€ =CH+ BD See F : n=Butane Dora Aes es 
200=300°C Hi i Ch to = ; ; a yar nical silvermitrate, a.white:precipitate'is:formed. hs 
_ Ethene wiki cso Dot er eeyls Gna However when C;He is treated with ammo ; ; aan} ys 
2 Hie = CHz+ is Hi - GH, i , = ; 


Ethene 


ny) T. Butyne 


CH Che > Clb: AgNQ@: - NEROUL + NTLNOs + Hs, + CHR- CH;—C =C Ag - 
Silver Butynide 
(ii) 2+ Butyne 
CH. © CHL: AgNO:- NILOH > No reaction 


No reaction takes plice as 2-Butyne contains no acidic hy drogen (hydrogen bonged with Sp-Hybridized catbon aon 
Result: : 
Henee the given Sees is I= Butyne and its structural formula is: 


Ci. Cu 7 Ha Butyne) 
Q.27 Identify, 7 and — eet | 
Cy CUZ CH: OW —— A Nalther_ g 
Am (@) (GHC Gh oll >A eB eee 
° Cle Clie CHe-O1 PCL ——> Cle Cy -CHs-CHHICHPOCH 


Propylehloride 
° CH CHE CHL Cl 2Na-— ya Clh-@H CH: Cls CH CHF 2NaCl 
n-llexane 


Results A n-Texane 


Propyt Chloride. B 


Ss 


aera Ris (PreviousiBoan 


MEU ARAL bm ARN — 


1. ‘Draw'the structures .of given Gompounds; 

(a)‘4-lsopropyl'Heptane (b) 3-EthyliPentane 

Write down chemical'equations for-the!preparation of Propene'from the! following: :compounds: 
(ayOll, Cl Chk COW (b) CH, C =CH 

How does Ethyne react:with: 

(a) Ammonical Cuprous Chloride. (b)/Excess Cl.in€Cl, 
What is meant by Polymerization? Give two different examples of Polymerization: 
Give the mechanism ofithe electrophilic addition|reactions of alkenes. 

What is Baeyer's test? Give its.use. 

How Tollen’s reagenticanibe used'toidistinguishibetween 1-butyne and'2- butyne? 
"Give reactions for oreparation of'followings fromiEthene: 

{a} Ethylene clyco! (b)/Mustardgas, ' 

) Write two! general methods for the preparation of Ethyne. 

10. \What is hydroxylati ion of Alkenes? Give reaction. 
44 
4 


Give chemical reactions for the’ preparation of oxalic acid'from ethyne. 


2 How atrans-aixena is obtained! by the partialilhydrogenation of alkynes? 
3. ‘Define Marxownixoy's rula, Give aniexample) - 
14. inte structural fermulaof (a) Vinylacetylené’ —_(b)) But-1-en-3-yne 
"45. - Write down the uses of ethyne, 
.46.  Ainenes are more reactive than alkanes. Justify? 
17. Why acetylene 's acidic in character? 


18. How will you cistinguish' between alkene’and: alkyne? 
19. Why « . bond ts more/reactive:than a — band 2 
20: What is hycrocenoclysis?' Give aniexample. 

; What is Raney nickel and.where is ittused? 


_—_ 


22. 


23. 
24. 
25. 


26. 
27. 


28. ° 


29. 
30. 
31. 
32. 
33. 


seholar’s CHEMISTRY - XIN (Subje 


ctive) 


White structural'formula of the followin 
com 
(a) Vinyl'bromide (b)iIso: eee 


- Describe two’ methods ‘for the: preparation of alkenes. 


Why is ethane-an:important industrial chemical? . | 
Give'the correct IUPAC: names of ©: or. : | 
(a) Isopentane (b)'Propylene | | 
How will you.prepare acetic.acidifrom acetylene? ; 

Justify that alkenes are more reactive then benzene. 3 

How Benzene is obtained from acetylene? 


Using ethyne as a starting materialihow would ou get 
ethyl alcohol? 
What is Lindlar's catalyst?’ Give its Use. .° 3 


How will. you distinguish between ethane and ethyne? 
Whatiis Clemmensen's'reduction? 


Using ethyne-as starting material, how.would you'get acetaldehyde and acetone? 


For Answers STUDY 


Scholar's CHEMISTRY ( 


AVAILADLE IN FIARKET BY THE Sarie AUTHORS 


ities eae ie i from the Greek.word ‘aroma’ ‘meaning “fragrant” (Pleasant odour) and was 
ae 8 misiry (Or a‘specialiclass of compounds. ‘These compounds have:a law hydrogen to carbon 
ratio (or high carbon to/hydrogen: ratio) \initheir molecular formulas-and'liave a:characteristic odour. These are 
called aromatic compounds. Iwas observed {that almostiall the aromatic compounds ‘have:a six carbon-unit-in 
their molecules like’benzenc. Hence,’ benzenciwas recognized as the simplestiand ithe parent member. of this class 
of compounds. > ; ; 
However, itwas soi realized that many, aromatic compounds are odouriess:whiereas:many others are’ fi ragrant 
though they are notaromatic. Further, when aromatic.compounds of higher molecular. mass were subjected to 
various methods of degradation; they; often produced benzene or.derivatives ofibenzenc. ; 


Q Aromatic compounds burn with sooty flame. Justify. 


KG Sooty Flame of Aromatic Gompounds: 
Aromatic compounds have relatively high ratio of carbonto hydrogen: So.when they are burnt, they give'sooty 
flame. The'sooty flame:is carbon, particles. : - 


1 2€¢He + 150; 120; + 6H;0 ‘ 
On the other/hand,-ifwe' bum methane (natural gas) in'a‘normal supply. ofiair, a!blue flame’ with no sooty particles 
is formed. : , en : 

CH, +20; — €0;+2H30 te wpbeeen pays 
Reason: stant 7. Bah beadandet 


1 mole of benzene requires 7:5 moles of-oxygen'for complete combustion 


| mole oft methane requires only 2 moles of oxygen F . “* 
“It means that the. aliphatic compounds ‘require armuch lower. volume of oxygen’ for complete combustion. So 
* during the burning.of ‘aromatic: compounds, some:carbon:remains in: unburnt form which appear in the form of 


sooty flame. 


Q4 __What-are aromatic hydrocatbo 


ns? Howare they. 


classified?’ 
fi Aromaticcompounds: ~~ oA 
Aromatic tydrosartins include berdene anal those;compounds that‘are.structurally related'to' benzene. 

GH; ste pee = Arenes} _are Strictly 
Be f hydrocarbons: — 
Aromatic compounds 
vans contain’ ~— other 

: functional groups. 


7 Sr > Ae 


Benzene Naphthalene —‘Tojuene 


\Biphenyi 


Benzene has characteristics structural features. I has a'regular planarhexagonal structure. 

enzene has characteristics SIT 

Classification of Aromatic Compounds: somatic hyd 
Onithe'basis ofithe number ofibenzene nes °° 


6) Monocyclic Aromatic Hydrocarbons 


rocarbons'can'be categorized into following classcs. 


a 
Sori. 


ale 


sate 


498 


*s CHEMISTRY — xat(Subje 


clive) 


(h Polyeyelic Aromatic Hydrocarhons Whena: , 
- Manoavalic/Arormatie Hydrocarions , fate @ Sisal ee Sremoved trom henzene.we Reba phenyl eroit bolizediby € 
» be 2 ecules are called Mo . ErOUpS-are’c: =A eV sroup symbolizediby Gc: — or Ph— 
“Aromatic hydrocarbons containing one benzene ring in their mole noeyi Aromatic 3. Nhe second substitgens: in Ny aa ah ene ie = 
: 5 , :. “DZCHE Wouldaive ples . , ‘ 
THvdrocarbons”..e.g. benzene and its derivatives. F eve rise. to three isome “islecions 
\ CH Ou "NEL COOH CHU, SOU myelin (I), 3) and para(h4), cg isonieric products.designated as ortho(l. 2); 


on 


CH CH 


666555 : 


Toluene Phenol Aniline. Benzoic Benzaldehyde Benzene- 


acid _  sulphonic-acid : CH 
1,2 - Dimethyib CH 
(b) Polycyclic Aromatic: Hydrocarbons a ng. werent cael 
“Aromatic hydrocarbons containing:two or more benzene: rings ih Aheir-molecutes are valled) Polyevelic Aromatic . iis ete tg Xylene) peervite imathyvenzena 
ss SUMMCHS are 


different, then the s 
ubstituent 
number | positionsin the henene ting. Other groups 
which gives theme lowest nuinber, 


NH COOH 
A, CHO 


Hydrocarbons,” 
They may beidividediintowo.nain classes. 
(i) Isolated: rings: ‘Phose:in.which) benzene rings are isolated'e.g. biphenyl dipficny Heth: ute, 


OO CoO 


Biphenyi Diphenylmethane 
(i) Fused rings: Those inwhichithe benzene rings are fused together abortho positions.so thatthe adjagentirings: havea 
commonicarbonite carbon!bonds e.g. naphthalene, phenanthrene. puilimabene ute. 


that is: treated as-aihigh priority group. is given the 
ire Humbercd by counting from position inithe manner 


OTL 


2-Aminobenzaldehyde 3:Hydroxybenzoic-acid 
(Re order off priority ofthe, groups (left to‘right) 


~ COOH, = EN. ~ CHO - GOCIK. ~ ONE — NE, - OR: —R. 


S} > S 
§ Iwo substituentsaredifferent : and they:are:not presentiin priority. order list. thew are namedsin alphabetical order, 
The last named substinentay ibe at position 1, c.g: 
; ! 


; Naphthalene Phenanthrene Anthracene 


“el 


(Monacyclic iRramiatic Hydrocarbons:and their: Derivatives) 


3‘Chlorolodabenzene 2+ -Bromonitrobenzene 
Some important cules ofinaniing are givenibelow, : . 6, there is a substituent on the cgwhich givesa special name to the molecule. then'special name is used as parent 
1. Monozsubstituted:benzene: derivatives:are named) by prefisting benzene.with) the niime. offic substituent The mine ta the ntiecule es, 
"OW SO|}H CH 


Wholemame isavritien as oneaward. eg : 
OT CHIH, ©} NO): 


Nin - aaa Gl : 
‘4:Aminophenol «4-Ghlorobenzenesulphonic acid 2:lodotoluene 


+ Methylbenzene ‘Ethylbenzene chlorobenzene Nitrobenzene ‘ 
‘ There are certain monosubstituted benzene:deri ivatives which are givenithe specialinames: like: methy|henate 
1dlucne. hydroxvbenzene as phenol.cte: ° 


iS) 


Draw structural formulas for the following compounds: 
(i) m=Ghlorobenzoic acid (ii) ~_p-Hydroxybenzoic acid 
(iii) 9-Bromonitirobenzene (up GzEthyiteluene, 

(v) p:Nitroanilin A (vi) 2;4,6-Trinitcotoluene. 


(vii), m:Nitrophenol (viii) (p‘Dibenzylbenzene 


(ix) nitrobenzenesulphonic acid 
—== = - ~ - 


Q7. 


(a). 


> 


Aniline Benzoiciacid! | Benzaldehjae 2-Amina-5:bromo-3:nitre 


Allithe six position inibenzene are exactly equivalent 


‘so thereis only one monosubstituted benzene. 


-Ghlorobenzoic Acid 


f COOH 


_{i) Xylene | 


{iv) 2 
© - Ethyltoluene 
CH, 


CH=CH, 


ChapterS (Aromatic Hydroca 


(iii} 


‘o— Bromonitrobenzene 


2,4, 6—Trinitrotojuene 
CH, 


i(vil) 
im — Nitrophenol 
OH 


Isomers of Xylene 
CH, 


1,;2—Dimethylbenzene 
. (o-xylene) 

’ Isomers of-Trimethylbenzene 
GH, 


1,2—-Dimethylibenzene 


_1:2;4=Trimethylbenzene 


i2 — Amino - 5- bromo — 3 - 


nitrobenzenesulphonic acid: F 
SOW 


_ @7(b) Give names and tthe possible isomeric structures of the following: 


(ii) Trimethylbenzene (iii) Bromonitrotoluene | 


FS) If vo (CHs) groups are‘allocated with a benzene ring, the compoundits called'as xylene. 
Give names:and possible:isomers. ; 


CH. * 


+ CH 


1,4—Dimethylbenzene 


(p-xylene) 


wiar's SHEMISTRY — x 


Ree 


‘iis Jsomers ef ‘Bromonitrototie 


AE Tee 


as 


SS ey 
—— = = Aly : 


ny 


Se 


ee 


SS 


oe 


G8. - Wi vite JUPAC names ofthe following molecules. 


$ abies ~Bromo=4=- CE a 
- 4:Bromo:2, 6-- 3 : *6:Bromo-4-chloro-2-iodophenol. 


dimethyibenzaldehyde 


sehulur’s CHEMISTRY Il (Subject ) 
¢ —— Si ty tie 


“A cvelicrepulir hey : a5 


SAgonul strug 
three single. bonils. Structure for benzene, whi 


hich contains. three. 


Discovery ’ ; 
e Benzene was discovered’ by Michacl Faraday in 1825 inthe gas produced by the destructive distillation of vegetable 
iu oA 
ofl. ; Ho™ SS Nou 


duuble_ bunts alternating with 


or 
8 ‘Twenty yearsslater it was.alse found in Cae war by Hoffmann. al i 
NF 

S RU UCT JCTUREC { NZENE Ante cH 
SRL OREORIBE — 2 Hy supported his theory bythe fottoy nae 

Sarguments, ; , 
Molecular Formula ani Benzene gives only one monosuhe s 
(i) The empirical OHO) of benzene is determined: by he elementalanalysis, Which i INCH Soits empiricaliformuly = Stubstituted product, 


mass is(@IP- 12 © 1 = 13) 5 ¥c iz 
(ii) «tty moleculur mass determined by the vapour density method is 78.108 amu, Pherefore. the moleeular Yorntula 

of benzene is Colla. ; 

Molectdlar formula — x: Eimpirieal formula : (ii), Benzene gives.only three 


disubstituted products, 


Motccalarniass 78.108 6 ; ce t : : e 


nN 3 : x x , 2 
Lmpirieal formula mass 13 . , i ; 
é ‘ : 1a Rent 
Moleeular formula 6xGH ; YS ' F mec ans? 
. eau . . snake biting its tail featured in 
Molecular formula = C.h hy aie ; : J ; Kekuie’s inspirational dfeam. 
7) ~ 


(ii) The molecular formaks of benzene indicates: thatitis high }y unsaturated compound, , 


Chese points contin the repulir hexagonal 


shai Structure'Ruled (Out structure sizene in i 
Straight Chain St ' . identical positions it the molecule, / Vherelore:: benzene to a oe renee lish a ybesest boy sans ate oueupy ling 
i)'Straight:chain formulas 3 ; Orns only onetoliene, one nitrobenzene and oie phenol, 
(ili) Benzene adds three iy drogen.moleeules in the resence of] piens 
‘}wo oft the possible straightehain formulas Suasiestesl for benzene are: ! Be eer eieataly st c ; 
= . : HM a : ‘ 
i t «s 4 ds ssadivae ee) : 
He = @- Ch; AGH: ¢ Cie” ql J Nesaulls tc) : CO: “4 ar ee HG’ f. owe. 
; IKE =ChH- C2 € CUlt = Chh (l, 3+ Hexadiene - 3 vne). HGR cH | 
‘ = : : cH : it 
Comparison withialkenes-and alkynes Cyclohaxaine ; nd 
"A compound:having a steuctuae as above shoultl behave like an alkene or alkyne. Both are oxidizedthy alkaline.) Benzene adds three mofecules of chlorine in the presence of sunlight 
RNIN©; solution while benzene is stable tooKMnQ, solution. Tidoes:nok decolorize KMnQ, solution. ci Ww Mey 
o) Benzene vives addition: reactions with hydrogen andihalogens. which indicate the presenee.ufittites double bonds, . yey Stat pez SLE : 
4 . p fats . ve ‘ S .« . 5 — + “SCI, ——+ ' 
° Benzene alsoogives substituiion reactions with cone. HNO; and cone. {SO) which indicate that benzengshas:a ae (at eae SR IGUC\ 
saturated strueture, eat , : ai ke ¥ 
(ii) Monosubstituent product : : Z e : Hct 
SSH enn ee ck arcitGHt difurt = atomait! 4 Hexachlorocyclohexane 
Se ritte astray thi arena x) sNyene ‘ ales 23 a Tyeecen pay: : 
onstdering straight cham structure for benzene and further assuming that each carbon carriés one)H =aton These two reactions contin the, presence ofthree double bonds allematingavith three:single! bonds. 
should|be. capable of} forming threesnono substitution products, aes : >: 
x x Xx . nee 
: ’ i } ‘ 
CC.E.C e¢ CELE CEL ECLEC Z ; =} ' i tL09A 
But benzene in Git one monosubstiwuent product. : ; The X-ray studies ofibenzene haveconfiomed that: i . a Hl. 
(iii)|Generaliformula: . : : * Benzene has regular hexagonal stricture. oT C 3 
‘The molecular formulaiol benzene C,H, does not obey: any ofithe open.chain hydrocarbons, suchias: alkane *  Allthe carbon andiliydrogen atoms are in ihe same plane. ie =1:397A 
Cyne AC alkene Ciba CyFhs oratkyne Cyl ba 2 (Cokie): a - © Alltthe angles: are. of f20", : Ws NO NF 
‘ * AML dilt Me res) cctively. . Cc 
Conclusion C-. Cand @—/H) bond! lengths areil Baik an oe pe : i 


Tomeans benzene does notibelong to open chain liydroearbons.and therefore possibility: ofastraight chain 6 
structure istulediout: : _ : fms bjections to Kekule’s:Formula 


iv 


or ee = ; Kekule’s:formula with threedouble| bonds « deniands.a high degree ofj unsaturation) from\benzene while|usually it 
- GFYCR a8 : 2 2 . “ahibits a saturated character. ‘Thus benzene’) yields Substitution products’ readily and ‘forms: addition, products: relactantly.~ 
) f «Qe vot STU characler, Wastes 


eos af ; Ven veinse t oF; 
Meche is alsoaivery stable:compound: 
' = nay 
o) 


roe sap oe the yist= 
problen) (or RAIS for bout 40.vears. A German cheat 


the structuresol benzene. continued to be a serious 
Kekule an last salved/the problem in 1865, Kekule proposed 


w 


n ANE Wyidtocaitony 
| ee 


Q@.10. Describe the structure of benzene on the basis of following: 
(i) Atomic orbital treatment 


{ii) Resonance method. 


yy 
(atomic Orb Orbital ee of = : iS 
The hexavonal frame-work of benzene can be conveniently eepinined using eae 

hybridization approach. According to atumic orbital hybridization: é 

(ij ~~ Each carbon in benzene is sp" hybridized. ; 

(ii) - The three sp" hybrid:orbitals on:each carbon are utilized to form: three o bonds, 
nwo. with adjacent carbon atams and one with hydrogen, 

(iii) ‘The unhybridized: 2p, orbitals remain at right angle to these sp” > orbitals, Since 
allthe sp orbitals:are. inthe same plane therefore all the carbon and hydrogen 
atoms are coplanar. 

(iv)! All the anglessare of (20" whieh contig the regular hexagonal structure of 
-bencene. 

(vy) Thesihybridized 2 


2p, orbitals partially overlap to form a-continuous sheath of 


eleemon cloud. eiveluping, above and) below. the six. carbon-carbon sigma: 
bonds of the rig. . 
(vi) Since each 2p, orbital is overlapped by the 2p, aris of adjacent. carbon 
~— atompsstherevore, this overkipping gives 
‘cloud. : 


“diffused” 


+ cdelocalized’ electron 


Delocalized x-orbital of benzene 


ityiotiBenze 
Benzene is an- extraordinary stable molecule. This stability is due to the extensive delocalization) off “electron 

cloud: The extent of stability of “benzene can be measured: by comparing it with hypothietica compouii, 

13, 5—cyclohexatricne. Stability oft benzene is determined! by. estimating the-heat of hydrogenation’ GL 1). 

(i) 4H for Gyclohexene 


Gyelohexéne. can be easily hydrogenated tos give evelolicxane. When the: AH for this. reaction is: measured it is 


found:to'be — 1119.5 kJ/mole. very muchilike thatofiany similarly hydrogenated:alkene. 
2 
+ H, ae es 
Gyclohexene Satie Gyclohexane' tn Als a M9. 5 kJ / mol 
(ii) AH for 1;3-Cyclohexadiene : cen eee 


We would expect that hydrogeuation:of 1.3 — Gyelohexadiene would’ liberate; rOuBhIy iwite ¢ asmitielehe 
have AH equil to —239)kJ fmol: Whenithis experitientis:done, the‘resull is AH)= 231 Sky/inole. Thisiresultsi is ait 
to what-we calculated, and the difference ean be explained by taking into account the fret that compounds: containing 
conjugated double honds are usually somewhat more stable than those containing fsoliiled pouihte bonds: Beane =) 


i : Se aut 

a 4 i3- -€yélohexadione Cyc! ee eiteet” 
4 clohexane choles sap eerpeae 

: Calculated AH=2 ¥ (119.5) =—239kU/molé - YOONEKANE os) Salado 2 * 

a Observed AH : = ~23 1 Skiiniole { 1 BS) BEER 

(i: OH for.1,3,5-Cyclohexatrienc z Sait ie ete 


Ifbenzene is siniply: 1.3.5 — Cyclohexatriene, We would; Prelit thatibe 
~358-5kJ/mole'(3:x — 19:5) when itis hydrogenated: When:the ex: 
different. Theireaciioniis exothermic bun tony: be = 208kJ/mole. 


nzene would: liberate approximately 
Perimentiis actually, done, the result: is: surprisingly, 


Relative'stabilities of Gyclohexene, 1 es vasorctohexatiens (hypothe): and benzene. , 


Benzene + °3py — Ft 


Cyclohoxa sate ifs "aS 
€alculated' AH = (3x-~1i19: 5) = Gs shea xane AH =—208'kJ:/‘mol 
Observed: AH =-208:kI/mole - 
Differenge =150:SkI/mole 
Stability diagram 


‘When: the results are: represented’ b 


we calculated it-to be. y the following figure, it'becomies clearithat benzene:is mucli‘more:stable than: 


Cis 2H, 
ye A= -358: 
rr 


43H; ‘Resonance Energy. 
='150.5 kJ/mole 


ms 


§ kJ/mole fie sohuirdersdy Cate ik eo eehies eds 


Benzene + 3H. 


Potential Energy 


AH=-231:5 ki/mole 


Cyclohexane 


A= -208 kJ/mole, 


4H =-119.5 kJ/mole 


* Honea cee senn wes encnenncee Unsscocccecces 


Resonance energy. 


150. 5 ki/mole. Greater. the resonance energy ‘greater the stability. of the ‘competi ite 
phenomenon‘of resonance whichimakes:it'more stable than’ otliers: ‘In'benzene: electrons are deloc: 
stable’molecule. ; bins er i): 


Resonance 3 atl A 
“The possibility of liereny ‘pairing: ‘schicmes Of valence’electrons; ‘ofatomsiis'called:resonance” | 
OF: E be 
more pale Lewis'structures can’ be-written'but.the actual structure ‘cannot: be } 


“The situation in\which two,or 
Writteniis called: Resonance.” vos : 
The resonance ‘is representediby,a double headed: afro. 2). Jaraciemylial-ansivsesS 0% : 


nce structures 

The differentistructures arranged’ aS: Gesult of resonance are.called “Resonance ceils ase ea 
Example: The following different pairing: ‘schemes. ofithe: fourth valence (the — electrons) 0 eat on fons a si ssi | 
me 5 wwithiincrease in the number: ofiits:resonance structures. | 
ne. The stability of-a:moleculeiincreases) : i 


nzene is chemically quite'stable. 5 


Hee ieay 


scholar’s CHEMISTRY - XI (Subjective) 


en 1 ‘ 2 6A& 3, From Alkanes, (Aromatization) 
¢ eee i os ee Benzene and toluene are also Prepared) by i : 
Z : catalysts CrsOx + AT,03 + SiO, at 500°C. y PASSING the vapours of nchexane or n-heptane over a mixture of » 
a a 8 3 CH, 
b d e We GH, CLO ALOESIO, ) +2 oa: | 
Kekule’s structires Dewar-structures AK yon sc ; 1 4I I . | 
Dewar’s: structures c H, i ilk 
ta Dewar-structures, the: carban sats it opposie positions, 1-4, 2-5 and 3-6,are-at larger distances; :than those | ail n-Hexane Benzene " Aromatization: i i 
the ailjaeent positions 1 202 5.3 4.43, 3 Gand 6} Pherelore the bondings between €)-C;. CxCs andi: Co are: ng| Z . n-Heprine ——>- Toliene sc q: 
fivourable energetically. Hence the rite ir structures tor benzene have minor contribution towards the actual Sttuctare of CH, ; . pan pape : 
benzene 2 : : . 3 : “s | 
”: Kekule’s structures ‘ . CH. GH, at 
Kekule’s stetute ta) and th) have the larger contribution ia benzene sructure, —- ; Hye CH €r.0,1 ALO. 1 Sio, : 
Cherelore, benzene moleeule canibe representediby eithe ithe wo Kekule's structures, Y t a a } ei 
. S Hic CH we ae ee | 
Resonance Hybrid structure i 4 \y "i : 
hituei, the staueiure of benzene is i resonate Liybrid of albthe tive straetures (a), (b).(¢). (dand|(e), The three : ; 4 
allernate single and double bondsinithe Resule’s sthettiies aie called vonjigale bonds.or resonating bonds. ne ae Toluarie . 
-Since'the structure ofbenzene isairesanuice tivbrid. therefore ail the C-€ bond! lengths are equal! butiditferent! from ts 4 Preparation in the! Laboratory 3 : : | 


incUhanes. alkenes and alkvays, 
lnaikanes thee bond: lenwih is LSwA, 
Inaikenes the © =O bondilenethis 1A, 
lnatkynestie® = C bondilengilis 1.204. 


Benzene canbe prepared in the laboratory; by. any. onc of the:following methods; 
(i) «By heating sodium saltiofbenzojc-acid with sodatime, 
- GOONa : 


“bibenzene he e-€ bondileneth is L397 AL : Benzene Gio. 
Conclusion : : : =; NaQH ————=—> -Na.CO, 
° Thee -€ bond teaeth in benzene is intermediate between those in alkanes and/alkenes. i : : 
ug ° Phe resonating siaghe andsicublc bonds in-benzene canibeuter, be represented:as a compleie;cireleinsidesthe:ring: Sodium benzoate -Banzone 
; : =e St i) By distilling phenol with zine dust. 
OH 
: + ZnO 

Benzene aa some aah livdrocarbons. can alse be shined! from SE by special: eS vaalica AA 
Some cofithe methods: generally used! for the preparation afibenzene are asifollows: oe ; eARal : . Benzene 
4. Dehydrogenation. of ‘Gyclohexane | . paaly ’ : (iii) By the hydrolysis of ‘benzenesulphonie ae -acid sith superiate ‘steam or, by hoiling.with dil. Wet ; 


When eyelohexane or its derivative is dehydrogenated sye. get: benzene Gra substituted) benzene: mrereeastion) 


carried out in thy, presence of catalyst at elevated temperature. = = 


ALANS gilts} PronPd 2 i Hl 
0G Se + HOH! Spa 
: Cyclohexane Benzene = ee, Benzenesilphonic Benzene: 
2. From Acetylene (polymerization) Sy Un : "acid Sone 
Benzene is:formed!by, passing acetylene.vnder pressure “4 sanorniekel catalvevangOee > ae 5 ’ ae ‘ a 
au ” passing-acctylene under pressure over-an organo-nicke! catalyst at 70°C. | yah Nurte- Fite Reaction aa afthanes as ete dea by Fittigiin 1864 foltheisynthesistofralkylaromatie f 
Seb nae see ayy. Qruandenickel catalyst: ae hyd le Wurtz reaction for theisyat Seria aoe ete 
fee sales SHE s Cu. - —<—<—$— TOcarbons. * a ts 
: WE . . ; ! 
Q Acetylene 


Benzene 


—————7 7 7 Sy canara eee ; 
REACTIONSIOR BENZENE = 
General Pattern cf Reactivity of Benzene towards Electrophiies 
Theshighly-stable, dclocalized:electrons of benzene ring, are not readily availabie for the-nucle 


the electrons of aikenes, Therefore, she clecirons:of benzene ring are not attacked by weak electropt 
" more powerful clectrophiles are required to penctrate andibreak the continuous sheath of electron cloud ii 


+ CH,CH;Br ——~——_> + 
: ether 
E:nylbromide 
Bromobenzere Ethylbenzene 


Electrophile:in halogenation 


° 


2Na 


ICR GD HIL 


‘ 


Wurtz Syntinesis: i 


CHy-CH,-CH,~¢H, +2 
° Useful:for the p 
of symmetrical alk 


Nac) 


Preparation 
aries: 


ophillic attack Ih, 
hiles. It Means thy 
in‘ benzene, 


Substitution of | halogen: ini benzene requires iron or corresponding ferric lidlide'e as:a catalyst. 


Infact iron too is first converted into FeX, which further. reacts with halogen molecule to produce a\ 


electrophile. 


2Fe + 3X, 
; ‘FeX3 ote X> 


— 
—> 


2FeX; 
Fe XxX"; 


OXe 


Tetra\haloferrate ion (11) 
_The hilogenoniumii ion X* thus; produced attacks as a powerful slectrophile on: ithe electrons of benzeie Ting. 


a 


Benzenonium ion 


| Po. 


+ ROX I} + Fox, + HX 


oe 


Benzenoniumiion | 


ie addition. product:is not favourable t bicSauseit in its fornia ation the characteristic. stability of benzene 
ost. The 


-The generaljpattern ofthe chemic 


power 
(Halogenonium ion)’ 


See) aed 


only: possible productiis. the substitution. product iniwhichithe stability, of benzene is‘retained: 


| BICROBEDCR 


alireactivity ofibenzene towards electrophiles’canibe shown:as follows: 


HES ——_—> 


. Electiophil 


2CH,— ~CH-Cl+2Na ote i & 


‘iozerstian 


Benzene 


The introduction of halogen group in'benzene'ringiis called “Halogenation” 
Benzene reacts with halogen inthe presence of-a catalyst'like/FeBr;, AlCl, etc. 
Chlorination and bromination:are normal ireactions-but. flucrination‘is too vigorous to-control. 


|} BR 


SS 


Similarly, 


Jodination gives poor yield. 


ea + HBr 


Bromobenzene 


cl 
OQ +o, FeO om 


Mechanism: 


The actual halogenating. agent is X" (ic. Chi or-Br’) is $ formed by 
the following mechanism. 
—> 


Xx, + Fer; 


Ci, + FeCl, 


Chiorobenzene 


x’ + FexX, 


cl’ + FeCl, 


o—F-0 


FeCl, + H 


2, Nitration: 


HCI + FeCl, 


7) 


‘J Lewis bases are usually 


: Negalively charged fo 
(anions): ‘are nucleophiles. 


1.0.9Cf, Ky Br, S07" etc 
* Neutral molecules in. which] 


“central atem have lone pairs 
of electrona. 


e.g: BCI,. BH; 80;, NH... 
H, O'etc. 


nucleophiles. 


° The moleciles which contain | 
pi electrons in their structures 
act'as nucleophiles, 

e.g. ethene, kenzene'etc. 


The introduction of nitro group » (NO))i in'benzene ring.is called “Nitration”. 


° The nitration of benzéne takes: 


55°C. 


® Sulphuric acid:reacts with nitr 


Mechanism: 


’ 


H,SO, 


+ ‘HNO, 750-55 cae 
L~S 


01G-S5C 
“HONG: +, 90 SE Ne 


Dine fe 
ic‘acidito generate nitroniumiion (NO,). 


_ tNitrobenzene 


"T= Positively charged ions: 
(cations) are electrophiles 


e.g. H',Cl"Br..NHt 


» Neutral maiecules in which fie 
central atom, Js: jelectron f 


deiraent.” 
e.g: .Bb,.. BE, BEC, AICI, 
ZnCl, , FeCl, ete. 


* Lewis acids are usually 


electrophiles: 


'* Neutral molecules in which 


central atom contains - 
partial positive charge act as 


\ electrophiles’e,g: PCI, SO,, 
at CO; els. : 


‘place .when itis heatediwith:a. 1:1 mixture of-conc,!HN@} andiconc. H;SO, at 50- 


Po 


Mechanism: , ; a 
When sulphuric acid'aloneis:used. the actual electrophile:in this.reaction is SOs wee) Fel: Ye t os 
pe ee i Ss 2 ——> ‘ + HGl 3 


45 
et) 


fa). 


Sulphonation: 
The introduction of sulphonic acid 


When benzene 1 


“friedal:Crafts Reactions: 


Chapter 9 (Aromatic Hydtocathon.) c- 
: = 20ny) 


Mechanism: ° 


group in benzene ring.is called “Sulphonation”™. RG oe ae 
sgn 


is heated with fuming H;SO; or conc. HS, ityields: benzene sulphonic acid. AIC| ; OR 
Carboration 


SOH 
- + ASO} Vea aie Oe: 
: . +R ——— fA Zane 


Benzenesulphonic acid , 2 ‘5 


ss SO\H Ox: a ve pucserigai 
+ SO, —__—_ - : = 
26 : Alkyl'benzene - 
| - 8.9) arty " 


HO’ + SO, + HSQ;! ; | 
(b) 'Acylation: : Toluene ~ Z ST ETE AS 


H:SO) + H.SO, 


‘The introduetion of an Re d*a- cata 
aay group C.. inthe! . Oi i ic ¥ ; i 
AIC kk is called Friedel ¢ ‘rafis:acy | li IN lati he benzene ring in the presence:al! “an aevE halide an a sate Iwst 


Il Seine iy = 
R-C~6) +AICl, —— R= it + AIC! TAS MEL) te! 
. ‘Acid Halide ee smoiichintd siete gcd [it 


On 


; ee @)- ee aa | ys eet it 
Ne 6 theses ; | 
. =R 
CP +AIGI, ——> = + HCl AICI: : me 
ji 


y . Acyl-benzene 


Whatiare Friedel=Crafts reactions? Give mechanism with example of the following, reactions. 


Friedel-Crafts alkylation reaction ___ (ii). _ Friedel—Grafts acylation reaction pees 


The alkylation. andiacvlation‘ofibenzene are called! Friedel¢Grafts reactions rae 


1: Addition Reactions 


‘Alkylation: 
The introduction of an alkyligroup'inthe benzene ring inithe} presence ¢ eli an alkyl halide ‘and/accatalyst acl a : - 
callediFricdel-Cratts-alkvlation: or Alkylation: (a); Redu ction: : j 
‘oni ‘igang at ties So withihydrogen inthe presence of Pinan (| 
, al 


Benzene i is-reduced :to: ‘cyclohexane: 


: ms AICI PKR . 
4 sR=—xX ———> { Py We 
'@) eat ae iB SAX — acidic solventi (acetic acid); or. Ni at: 200° as aan j 


Nijat 200°C | at:200°C 
or Pt/H; or PUHO 


Cyclohexane 
(b) Halogenation: 


Benzene reacts with chlorine and bromine in the prese 
hexachlorobenzene or hexabromobenzene. Flourination:is too\vigorous.w 


nce of sunlight to give addition Products, 
hile:iodination is slow.: 
Br H 


Sunlight Bry 
+ 3Br, C,H,Br, or 


Br 


Benzene H Br 


4;2;3,4\5,6-Hexabromocyclohexane __, 


* (c)\Combustion: 

When benzene is burnt in;free'supply- Ofiair, itis conipletely: oxidizedito CQz,and'H20. 
2€,H, +150, —+>12C0, +.6H,O 
(d):Oxidation: ; 
(i);Gatalytic Oxidation: 


: ‘Benzene is not oxidized by KMnQ, or K2€r,0; at room temperature: The ring is destroyed when ‘benzenetis 
> strongly heated \with-air’in the presence: of V2Osias‘a calles ; w : 


es 
4CO, + 44:0 
ee 


Benzene" - am O) 
; : ‘Maleic:anhydride 


H€—COOH- 


-HC==COOH - 


” 


Malaleanhyddde) Maleic acid 


(ii). Ozonolysis: fe 
‘Benezene: reacts\with ozone’ leland} igives; ‘I yoxal fincueht benzene trigzonide.. PS er areca 


th heat 


31,0. 
+ 30, — EHO, ——. 


tos 


EHO 
: Glyoxal 


z ’ 
Benzene triozonide 


i) side chain: agiibAnGtGAe 
When alkyl. benzenes‘are; treated with chlori 


rine orb ave: ere a * 
substituted. soalite inithe presence of sunliglit; orily the’alkyl groups are 


: 3H,Cl 
, Sunlight 
*¢, Ol 
> Benzylchlorida, 
cti.cl CHC}, 
; Sunlight 
ml Hct aT > O + HCI: 
‘Benzal chloride 
-» CHCl, CCl, 
‘ Sunlight z 
‘ ©} +0, ‘+ )HCIL 


Benzottichlotide 


(ii) Side chain oxidation 


Alkyl benzene are readily oxidized’ by. aciif ed'KMnO 3 
Pee Sane Dees 3 nOgior! Kier: Q;. ‘In these reactions, 5, the ally! groups. a are ! 
. ’ | 


v 
1 


GH, 


Barz acild- ; 
Whatever. the length ofian: alkyl) group may be:itigives only.one : carboxyl! group. Moreover, the;colour of eMnG 
ike 


Toluene. 


is discharged. Therefore-this reaction: is: cused: as 2: test:for.alkylbenzenes: 


CH.CH, 


Q How.would your. convert ibenzene into benzoic acid? » 
Q (Distinguish between ‘benzene‘and toluene. Lo 


Qs, What: happens\When: - 
(a) Benzene is'heated.with conc. H:0x 
(b) Chlorine\is:passed throu 


at: 250°C °c, 


gh benzenein ‘sunlight: 


(c) Amixture of benzene vapours: and alr are passed ater Oe ae ee 


$ieated vanadium pentaoxide. erty 


{d) Benzeneiis burnt infree supply of alte 


- , Chapter 9 (Aromatic Hydrocarho, 
OnientationliniElectrophiliGSubsticutlonreaces “ 


Substituted benzene product ; =o 
When an electorphilic substitution reaction takes place'on|benzene ring. we getionly one monosubstituted bench, 
chi 


because all the six. position in the-ring are equivalent. However. the introduction of a:second group into the ring. 
three isomeric disubstituted products. ortho, meta and:para. 


x x X : x ‘ 
Y 
ox! == wy + + 
SY. 
i 


Mono-substituted 
Benzene 


MAY give 


Ortho Meta Para 
; . Disubstituted Benzenos 
On chance basis 40% ortho, 40% meta and 20% para disubstituted products are expected. But! the actual 
disubstitution of benzene doesnot follow this-principle of chance. 
Examples * 
(i) Chlorination of:nitrobenzene 
m-Chiloronitro benzene isthe main product ofthe following:halogenation reaction. 


NO; os we NO, 
FeCl, 

—> , + HG! 

s Gl set hed SOAS 

m-Chloronitro benzene 


+Gl, 


(ii) nitration of chlorobenzene 
A mixture of'o:Chloronitrobenzne and p:Chiloronitrobenzene is obtained from the nitration ofichlorobenzene: 


cl fh cl XG 
NO, - 


2(HNO+1ESO)) 
Se 


: o‘Ghioronitro benzene NO; 

; .p-Chioronitro benzene — 
Conclusion : wes . 
It. means: that the group present initlic:mono-substituted benzene ring has theidirective effect aid thus determines 
the position or orientation forthe new incoming:groups. Therefore, there are two:types of groups: 


-1. ortho- and} para- ting.groups | 2. nicta--directing:groups 


These groups release electrons, to the benzene ring. thereby facililaling the availability off electrons Aoythe 
clectrophiles atortho:and parajpositions. © aS SPs a 
oe = ‘This:results:injthe-increased chemicalireactivity ofibenzene ring towards clectrophiles... ses et 
o© ‘The benzene ring:can:offer morethan one positions\(6rtho and|para) to the new‘incoming (groups. : : 
e ‘These groups‘are.called ortho and\para directing.groups;) er ae Sanat 2 
Example: Nitration ofitaluene— — ~ - coer 
Gh 


GH, | 
|| eg 


AUINO, + 1S0}) 
Pay ae? 53 


Scholar's CHEMISTRY : —=—= a 


XI (Subjective) 


The electron releas 
“ectron releasing effe, ofimeth 
increased reactivity, more : ethyl group is: §} 


nitfo groups can en gnificant:and itmak : 
_BTOUPS can‘enter the ting, and it'makes the ring a good nucleophile. Due:to this 


CH. 


- HNO, De ; 
OU-70C ~ ; . 
+2H;O 


yo. 2,6-Dinitrotoluene 
Ci, 2,4:Dinitrotoluene 

GH, . wees 
7 NO: 
+ SHO 


+ TING», 180, 
; xe 


NO.. 
2;4.6-Trinitrotoluene (TNT). 


o These vroups withdraw the eleetr a neti i 

groups 7 ectrons ofithe benzene‘ring toware : val 5 

Nila oer ra pare ng‘towards themselves, if sing theiravailabili 
to the eleetrophiles, This results in the decreased chemical 'reactivity Hae pec oieiact ated 

° ) . » Blog: he or 6 “f : +4 ‘ : 

: ‘ a Tee withdrawing effect of such ‘substituents, :the ortho and para positions: arc become mo 
F y ic selent than the: meta position. Thus the, incoming clectrophile will prefer to-attack on meta osition 
“i her than‘ortho,and |para positions. These groups'are‘called meta-directing groups: Sapte aso 

Example: Nitration of:nitrobenzene ay 0 


NO, 


ASQ,, 


++ HNO, Wen 


m-=dinitrobenzene _ Prise 2 
© ‘The substiturionolittird nitro group isnot possible. 
Other. examples ofimeta directing groups.are: 


"iO fiReactivities Of Alkanes, Alkenes And Benzene 


ative class of compounds\and their unreactivity is:duc (o'their non-pokir 


We have studied: that alkanes:are? uc ote years Fy uP. 
_ linlure andi ilie Gnertwess/Ol gehonid:- However. they undergo -substitution: reacttons ‘relatively easily and these 
reactionsiinvolve tree radicals. ee ae Taipei sao SE ere 
: ee : sactive class oficompounds and their reactivity is due-to the inherentiweakness 


Alkenes. onthe other hand. are very tacit 
Of the x-bond and the availability ofimele 
reactions easily. Being relatively, unstable 
Oxidized,” c 


ctrons!forithe electrophilic reagents: They undergo electrophilic addition 
dergo polymerization: reactions and, they. are also readily 


‘alkenes uni 


| 
i 
Lal 
| 


o Benzene is unique in its behaviour. It is 
molécule. The stability of benzene, as’ described e 
resembles alkenes when it gives addition reactions. The 


radicals. These are electrophilic substitution reactions and involve electrophiles. 
its addition-reactions require more drastic conditions than those for alkenes. 
Benzene does not-undergo polymerization and ‘it is also resistant: to.oxidation. 


1. 


i 


2. 


= Alkenes > Benzene > Alkanes 


KEY POINTS 


Aromatic hydrocarbons include benzene and all:those compounds that are structurally related to benzene, 
Aromatic hydrocarbons containing one benzene ring in their molecules are called monocyclic aromatic 


hydrocarbons. 


Aromatic hydrocarbons containing two or more benzene rings in their molecules are called polycyclic aromatic 


hydrocarbons. 
Benzene was discovered! by Michael ‘Faraday in 1825. 


_ The eleétronis in benzene are looscly ‘held! and the ring acts as a source of electrons. Hence ‘benzene is:readily 
attacked'by electrophiles in the presence of'a catalyst. t M 
Since electrophilic substitutions reaction leadito resonance stabilized’ benzene derivatives so-substitutions are t 


mainireactions of'benzene. 
Resonance energy.of benzene is 150.5:kJ/nole. 


“Structure of benzene is the resonance’hybrid of two Kekule’s structures and three Dewar’s structures. 
Groups like NH2, NHR, — OR, —SH, — OCOR, — X, - OH, ete. which increase the electron density ‘in'the:nucleus 
and‘ facilitate further electrophilic substitutions are known:as ortho- andipara-directing: groups. Ais : 


Groups like:CN, — CHO, NH3, NR; CG]; which hinder further. substitution in the benzene nycleus are'knowi as 


meta-directing:groups.  ~ 3 


SOLVED OBJECTIVE EXE 


Fill'in the blanks. 

) The term:aromatic was derived'from Greek word __ meaning ; : ; 
(ii) Aromatic‘hydrocarbons-include benzene and:allithose compounds which are __-_ rélated:to) benzene. 
(iii) | _-_ is:recognized'as the simplest:member of the class of Aromatic:Hydrocarbons. ~ Eee 


(iv), Benzene has structure. 


(v)  The:removal ofthydrogen‘atom from-aromatic hydrocarbons. gives a radical. The radicals :are called —s" 


(vi) Benzene:was discoverediby Michael Faraday in 
(vii): The unhybridized 2p, orbitals ini benzene partially overlap toiforma 
(viii) The introduction ofihalogen:groupiin'benzene ring is called: 


(ix) | The molecular formula of CgHeindicated thatiit is highly ~__/compound. 
(x) On‘oxidation\in:the/presence of V2@s benzene, gives =. +n tie als J 
_ Answer Key. = i a ea 


ae |G) [ Structirally 
| 
2 © t{). (vii). | Continuous'sheath’ A (vii): 
ix) '|{Unsaturated Alte) "| 
Indicate True or:false. . 
(i) . ‘Benzenejis:more-reactive.thanialkene andiless-reactive thanalkane. 
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highly unsaturated compound and at the same time it is very stat} ; 
arlier, is due to the extensive delocalization of n-electrong : 
substitution of benzene, however, does not involve é s i 


Answer Key. 


Q3. 
(i) 


(ii) 


‘ii 


(iv) 


9) 
_ (a). toluene cso 
During nitration oftbenzene:the:active nitrating:agentis: , 


(vi) 
(vii) 


(Wii) 


(ix) 


scholar’s GHERUS TRY ~ XII (Subjective) 


(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(viii) 
(ix) 
(x) 


Benzene‘has a pentagonal'structure: 


ou Oy H : : 

Ue C bond length in benzene molectile is:1.397 A 

Hae state off hybridization of carbon'in'‘benzene molecole is sp 
here are’six sigma bonds ‘in benzene molecule.” ee 


Halogenoniumiion : eer : : 
B produced in electrophilic substitution reactions is.a powerful ¢lectrophile. 


in.clectrophilic substitution reactions, aildition products are favourable. 


Os. 


Sulphonation is carried’outwhen benzene istheated.with conc.:HN 
In ozonolysis benzene directly gives glyoxal 
Benzene has five resonance contributing structures: 


Multiple choice questions: Encircle the correct-answer.. 
The benzene molecule cohtains 


(a) ‘Shree double bonds 
(c) One double bond 
Aromatic hydrocarbons are the derivatives of 
(a)'Normal serics of paraffins 
(cv): benzene 


(b)‘I'wo.double'bonds: 
(d)\Delocalized7- electron charge;.., 


(()) alkene” 
"...(d) cyclohexane: - 


Which of the following acid can'be.used ‘as a’catalyst in'Fricdel- Crafts reactions? 


(a) AICls 


(b) HNO; (©) BeCh; (d) ‘NaCl 


Benzene cannot undergo: 


(a) Substitution reaction 
(c) oxidation reactions 


(b) addition reactions - 
_(d),elimination reactions 


Amongst the following the compound:that‘can:be most‘readily,sulphonated ‘is: 


(b) benzene 


(ay NOs (db). NOx (c) .. NOx (d) -HNOs..._ 
Which compound jis.the most:reactive one: . rales : es 
(a) Benzenc-. __-(b) _ =ethene. —- (c); - ‘ethane. = (d)--—-ethyne: 
The clectrophilein aromatic’sulphonation is: : a 
{a) H3SO, (b)  HSO; © (c) SOs (dy S03 = 
i y: because: 
Aromatic compounds burn.with sooty flame: bt Nok As 
(a) ‘They have high percentage ofhydrogen —() They havea ring structure 


(c) They have high percentage’of carbon (0) 
The conversion ofin-hexane into 
(a) Isomerization 


“(d) Deloc 


They resistreaction with'air 


) ing’ i fPtis called:: 
benzene'by: heatingn the presence Oo 
(()) ‘Aromatization (c) Dealkylation (G)) Rearrangement 


Reason 


— electron’ 


charge 


(c)nitrobenzene(d) chlorobenzene Ei eS 


0) Benzaldehyde 


CHO (f) Phenol 
oa 
+ Br Feisr, 
Lt 
O- oe @O= 
Wenzene gives substilution reactions. onidation reactions. as well asec Beneuldchyde B 
: CAZUUCDY Ue ne Bri or t 
| reactions. Asi W is: Very. stable SO climination:) IS:Nol ossible, omobenzaldehyde Phenol uw -Bromophenol _ p= Deomuphenat 


Toluene is electron donating group -and\inerease the availability off RS: at 7" 
Ge Se Cites sitions. therefore, the rate of reaction is very high, 


(vi). eno | NO} 
(vii): Tb) Ethene 


qi2z. Howwilliyou prepare the following:com r ry 
em : pounds:from'be itwo : 
(a) m-—Chloroni trobenzene nzene ihitwo'steps 


{b) _p=Ghloronitrobenzene . 


Ans. a) 


(x). m-Chloronitrobenzene : fs (b eer Yaa a Se ee al ea : 
o Nitration of Benzene (2) ip-CHilerenitrabenzene 


30. SO, 
- HNO =» 
©) 
neene 


‘Chiorination of Nitrobenzene 


l Ethene (CH, = CH) has more'diffused'and loosely held: 2 — electrons and gives 


Laddition;reactions quickly. 


| 26,11, +150, —> 12€0, + 64,0 + Heat 


Due to! high\percentage.of carbon they give sooty flame'due to unbumt 
:¢arbon, 


| (cy They have high 
percentage ofcarbon 


Mirabensvace. 


\(b) Aromutization | Theconversion of Aliphatic TESS into aromatic. compoundsiis . #0, ) 
: aromatizationie.g = +ULO 
ne Hlsatire —>» Toluene Ae, 
This:process:is:used to increase dctane number (OF set 9 


z = = Cl Chlarobencene oschloronitrabenzene. ~ p- chloruultrobenzenc 
af j me jr - oie ; “eles Nitrobeasene m-Chlorunltrobenzence —_ i 
SOLVED ANSWERS TO EXERCISE .- = aise . 


Q13. Complete the following: reactions. Also mention the conditionsineeds to carry.out: these.reactions: 
: SOIT 


\, Qu. Predict:the major products of bromination.of.the following. compounds: 
(a) Toluene - (b) Nitrobenzene (c) Bromobenzene 
(d) Benzoicacid . ~{e) _ Benzaldehyde (f). _Phenol 


Ans. 


(a) Toluene Es : ' (b) Nitrobenzenc 
Ch cu, NO 


+ 2NBr 


~ i ? Br Nitrobenzene 
Tolacne _ o=Bromotolugne p= Bromototucne, 


Tee MOO i 
Niat 2006 
or Pull,O 


(d) Benzoic acid 
‘COOH 


Gyclohexane- 


+2115; 


Bramobenzene 


. Br 
o - Dibromobensene /p- Dibromobenzene 


Combustion: 


t2 


+150,——* 12G0.+6H,0 


° GCatalytic-Oxidation: 
: (0) 
foe 
2 + 90, —S+2 |) So+ 460; + 41,0 
5 : 
HCO 
. Benzene {0} 
_Maleic anhydride 
HC—-COOH 
HE€— COOH 
“Maleic acid 


‘Benzene sulphonic acid 


reactions in whichiit-behaves as if it-is unsaturated. 


‘Ans. © Benzene as saturated hydrocarbon: 


Q1q4; Detail’ out three reactions in which:benzene -behaves:as-if it is-a Saturated-hydrocarbon andithree 


Xl (Subjective) 


5 SOH 
Cl +S0; SQ. Cy 
25C : 


+ ‘HCl 


Benzenesulphionic acic 


CH, 
OC} +eHe) —ACh, ‘ai 

: Toluene 

Benzene as unsaturated'hydrocarbon: 


4 3H Niat 200°C 
2th, —_—_ 
oF PUHLO 


Cyclohexane 


‘ Cc 
3 Sunlight aN oN 
SY eS ase 


ch o/\. 
H 


Benzene hexachloride 


(cls(0) 
> 30, —— CHO, —> 3 
GHO 


Benzene'trlozonide “Glyoxal 


us\BoardiQuestions _ 


1. What happens when a mixture of benzene vapours and air are passed over heated vanadium 
pentaoxide? Give:equation. ? 

2 Write mechanism of Alkylation ofiBenzene. ss a 

3 How.will you prepare.m-dinitrobenzene from benzene intwo Slaps Chveicquations: 

4, What are the two main classes of aromatic compounds? Give their examp = 

5. Write down two reactions showing that benzene !s an unsaturated compound. — 

i Prepare m-nitrotoluenefrombenzene. = “6 = 

7. Make two Isomers of Xylene and ae yields meta:chloro nitrobenzene as the main 

: Chlorination of nitrobenzene in presence ©" b=)" 
product. Why? . 

8. Give two reactions\which show.t a 

10. What information are obtained by.th 


hatibenzene'is‘a saturated compound. 
ex-rays analysis: ofibenzene? 


lees i benzene 
11. Write equations for the preparation offofovingiomm 3 
(a) Maleic anhydride (O)Ciee benzene. 
12. Write two rules for second a ; 
13, Convert ethylbenzene into benzole ia nane-and benzotrichloride. 
14 Draw structural formula of tipheny’ reat of benzene, Why? 2 
BS Ortho para directing!groups NS ere tO acts as meta directing, why? 
6. : 


Nitro group when presention the 


AT. 


13: - 


19: | 


20. 


21. 
22. 


23.° 
24. 
25. 


How benzene is optained irom . 
(a) Acetylene ~ (b) n-hexane 


Give three exampies of condensed aromatic hydrocarbons and give their names? 


What.areithe major products when chlorine reacts with toluene in the presence of sunlight? 
Nitration of toluene gives.ortho:and 9 — nitrotoluene, while the nitration of nitrobenzene gives 


metadinitrosenzene. Give reasons? : 
Give four examples of aromatic heterocyclic:compounds., 
Write down the resonance structures of benzene and indicate their're 
actual siructure of: benzene. 
‘How does.ozone affect benzene to give glyoxal? 
‘Confirm by:two:reactions the présence:of three alternate double bonds in benzene. 
How nitration of benzene takes place? Give its mechanism. © 
Write tUPAG namesiof - 
«GRO CH,- CH, 
Ze Br 
CHO ** CH, 
‘Give'the mechanism of Friedel-Crafts acylation ‘eaction, 
What isimeant:by the termsulpnonation? 
~ What areipolycyclic aromatic hydrocarbons? 
Why Benzene. give acyclic structure? 
What'happensiwhen benzenelis burnt in free supply of air? 


ee ers see . 
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lative contributions towards: the 


introduction 
Haloalkanes. - 


Halogen derivatives of : 
a Alkanesiara’ 

They may be mono, di, called fa 

molecule. POLY: haloalka 


— H 
Airpair “UT EtE? M 
Alkyl Halides Nnohaloatkang 
Monohaloalkanes are cal 


‘©. Their general formula; 
bined, Nr ulaisR —x 


Classification of Alkyl: Halides 


Mono haloalkan 


sare 
0 one or no. carbon atom, 


Examples; CH; ~ CI 
fn Chloromethane o 
Aly secondary alkyl halides- are: those .in Ww 
attached to two other carboniatoms dir 
Examples; bi 


ch, CHSCH=CH=CH, 
(ii) Tertiary alkyl halides arc the nn 


three carbon atoms directly. ' 


| 

age 
cit 

2:Clote2nebyoropene 


OTA ED Cre 


a 


Alkyl halides dg° Not 
exist'in nature, They/are 


synthetic Compounds 
and have olly nature, 


Fo (monohaloalkanés) are named according to the nature ofithe alkyl group to which alogen-atom is 


Th example, 


Pew 


eras: i ' tar’ CHEMISTR 
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CH,— Cl CH.—CH;— Br ‘CH,—CH,— CH;- Br 


Methytehioride | Ethylbronide ne Propyl brotuide | 
CH, 
a. "Nen=cx,= 1 CH—GH,— CH;—Cl 
a if is 2 + : cee Ch aie aaa ©Hs-CH- CH- GH, 
ei) eee eee : ‘hi (CaHs)2CH - CH) CH —¢ t= ith 
Iso Butyl chloride, n-Bulstchloride ( ) ; , 2-CH CH; j (iv a CH; Br. 
ee “ ; i iv) (CH3)3€ = CHy—Cl 


‘The. systematic names given tovalkyl/halid 
1. Select the longest continuats carbon chain ind 
Bw Number the carbon atoms iinthe;chain-so'thatit 
Jowest possible number... 


ex follow:the underlying:rules. 
consider the compoundito have been derived from:this:structure 


he carbon atom bearing the functional group.(F, Cl, Br, l)\gets the 


CH(C3HSCHSCI 


Nay ee 
na eiees ome G—H (xii) (CH3)2C as C(CHs)2 \ aa CHs-Br 
l y k I ot A (xi) (CH3); CH CE, - C(CH3), 
‘ 2-Halobutane bs, ee 
3. ihe suine alkyl substituent. occurs more than onee.on the chai, the prefix di, tri,.and so on ave used! detore the Cl 


name ofthe alkyl group. 
‘The jpusitions.ofihe substin 
[tthe’same substitucht occurs twice,or more 


jents are indicated |by the appropriate numbers separated by commas, 
comthe same carboniatomithe number isirepeated. . 


Cl 


Bie 


(ii) 


C315 -—— CH — CH — Gils 


Examples. 
4 | er 
CH CH; — CH(CH;) — CH; —CH— CH; | 
3 2 1 \3 2 CH; Cl : CH; Br. 
GH;—- CH, — CH,— Cl Ci— CH—GH, | 
GH / | CH; —€ — CH) —CH—CH; CH; — CH; — CH—=GH—Cll; — CH; 
H Crk Br 


ae WEinloropropane 2:Bromo-3-methyloulane 
3-Bromo-4-methvlhexanc™ 


if a ; “2-Chloro-4:methyl entanc” Whe. 
4 3 Rama tee a a Dall GH iii) (€Hs)y CH —- CH, —CH —CH (iv) (Ch CCl 
CH, —CH,—- CH—GH, CH,—CH,— © —CH, saa i WAC Shep 
| Ct ie 
Cl C| He “HCC — CH, —CC 
2-Chlorobutane 2,2:Dichlorobutane ; | 2 = 
CH, Cl OF i, El; --~ CH) —G—GH;— CH—CHi iC 
“6i - 5. l, Sghosi I 1 » * shal CH; at eee rop EGE 
H,C-— CH, -— CH—CH,— CH—CH, 7 eH, — CHSCHiCl [r= - i 
‘ 2:Chloro-4:methylhexane 1-Choro-2-methylpropane CH; ° 
SH, 3 GH; 3 : 2 : “2-Chloro=4:ethyilhexane__ : ae: ————— east 
. ‘ : . : ; (CH3)3:CHBr Tiwi) (CH): CH= CHs — CH (C33) CH — Cl 
sesaet >.” — 6H, — CH — CH, "OH GH; 
| 
oF 2-Chloro-2-methyipropane = © ~~ 2-Ghlors-4-methylpentane’ la 
CH, Br CH; Tees 
“2=Bromopropanc” EH; : 


CH — CH —CH—C ; 
en 44-Chloro-2-ethyl-4-methylpentane™ 


GH. GH; 
_. 2:Bromo-3/4-dimethyipentane 


Chapter 10\(Allyi Haidey | 


-H2»€ — CH 
tile 
Br Br | 
“J, 2-Dibromocthane” 


(CH3)3 C- CH2 — CI oi Br 


CH, 


| 
Hj3€ — € — CH) —- CH, — Br 
aI 
CH; 
“)-Bromo-3,3-dimethylbutane” 
(CH3)2. © —C (CH)2 | 
relict 


H—C—C0 
| 
(Oly 
t “Dichloromethane” = 
\(xi),  (CH3)2 CH:— CH, — — € (CH3)2- - 
(ies (eee ; 
: EL. 
CH; CH; 
| | 
Hi —CH— CH, —€— CH) 
Pee 
cf 
“2. Chiloro-2, 4-dimethylpentane” 


ce et 


CH; CH; 
Ital 
| |e 
“ee Ce ; 
“J, 3=Dichloro-2, 3-dimethy 


"(ili) (CH3CHa)3 CBr 
| CH; . 


| 
CH; 


CH) 

| 

CH 
"3-Bromo-3-eth Ipentane” 


Q7. Draw:all\the:possible'structures that’have the molecular-formula‘GgH,,Cl, Classify each asiprimary, ~ canondal 


or tertiary, chloride, Give their/names: according, to IUPAC system. 


CH; — CH —-.CH2— CH= 
‘i 
ce 
a _- 2-Chlorohexane: secondary): 
(Gv) CH;—CH—CH, — Ch Oh 
“CH; 
1- -Chloro- 4+metiyipentine (primary) 


GH: - CH; — CH — CH) —CH).— CH, -— El 
1-Chlorohexane: (PrN) 


Co el 


, |. : 
CH; — CHs—— GH; — CH: — CH, — CH; 
3-Chlorohexane (secondary) : 


seholar's 5 CHEMISTRY xu 1(Sibjctve) 


Te. 


(vii) 


(ix) 


(xvii). 


7 et 
CH; — CH=CH, — cy 


2-Chioro-4-methyinontanc (seconit 


CH; 
“| 


.CH;— CH—CHs— cr, — Gilt | . ; wees 


Cl 


2-Chloro-2-meth Ipentane:(tertiary), 
@H3 — : 


| 
Chis —— CH — CH—CH; — CH) —c¢ 
1-Chloru-3- ow, (primary) 


CH; 
| 


CH; — CBs —C€ — CH) — CH; 


oll 


3- Chloro-3-methyl pentane (tertiary) 


CH; 
| 
CH3— € — CH — CH; 


ert 
CH; Ct 


’ 2-Chloro-3,.3-dimethylbutane (secondary). 


CH3 
| 


* CH3-— CH —Chi— CH2—= C6 


| 
CH; 


| 


CH: 


| 


CH; 
1-Chloro-2-cthylbutane.( pri 


1-Gliloro-2,.3-dimethyibutane:( rimary).. 
CH; — €H)—CH — CH Et 


eae ean : 
‘yi Alkyiihalides canibe prepared by the: halogenatio 


a eR 
; (vi) CH: 

— CH; 1 ice . 

ary) CH; CH — cH CMs CH: { 

Sela 

i, 3-Chloro=2 ee ane (secondary) _ try) 


C(—=Ct—CH—en.—ch,—cu, | 
I2Chlore-2-methvipsntane fartensan 
leree — ca = 
: CH ~ oH cH cH Hh 
a 


2 bitorodemnctiyipe nance (secondary) 
(xii) CH; 


pelts | 
CH3 —€ — CHs — CH, — Cf 


| 
ts: : 
CH3 ; j 
eal ables: 3. Sedlimethylbutane (prim: ah = 
‘\i(xiv) TCH: = 
‘ { F 
(CH; =H; — e = CH2— Cf 
: Ct Is 
HE 1 -Chilorv:2, 2:dimethylbutane (primary) j 
Vlexvi) CH; Cl. 
i \eeesel| 
CHx 
} 


2:Ghiore-2..3-dimethylbutane (tertiary) 


mary). 


of alkanes and by the’ addition’ ofthalogen acids to Aieries: 


Bh. =n 
(i) ‘CH, +C., “> CH,Cl+ HCl 
(ii), CH,=CH,+HCl1— > CH, -CH, -Cl 
_ The, best methods: for the preparation of alky! halides is fromiatcohols. 


“Q. 4. Whichis the bes 
method = of Preparing 
alkyl Halides? 


_ Reactions of alcohols.withi halogen acids: 


ZnGlz.which acts-as-a:catalyst(Lucas reagent). 
CH,CH;OH + HX —28Ch_, HH, CHX +H, 
est halide 


- CHICHSOH +HC! 2°! > CH,CHy Cl+H,0 
: : thy! chloride 
(b) “Reactions of-alcohols:with ThionyliChloride (Darzen’ s Method): 
Alcoholsireact with thionyl chloride in|pyridine as'a solventito:give alkyl chlorides. 
ROH +SOCl, —hritee_ RC] +S, + HCl 
CHiCHs OH +S0 Cl, 28> CH,CHCl+SO,+ HCl 
Ethyl chloride 
° Pyridine acts asialbase andiremove’HCl. 
.© This method is especially useful since ‘the by-products (HCI, Sz) are pases; 
whichiescape leaving behindithe, pure product. 
(c) Reactions of alcohols,with PBr3.and/PCl.: 
phos puoLus trihalides or. phosphorus pentahalides react with alcohols to replace -OH group by. aihalo:group. 
3CH, — CH, - OH + PBr —>3CH, — CH, — Br+H,PO,; 


CH, ~ CH, -OH + PE], —>CH, —CH, ~Cl+POCI, +HCl. 


Lucas’ reagents a solution 
_ ofzine chloride in 
concentrated hydrochloric 
acid. This solution is used to 
distinguish alcohols. 


geniEx 
An excellent method for: the preparation of simple alkyl] iodide is the treatment of alkyl:chloride or alkyl 
bromide with sodium iodide. This method is particularly useful because alkyl iodides cannot be prepared!by the 
direct iodination of alkanes; 


» RE! + Nal 
RBr + ‘Nal 


oh ‘. 


— RI + NaCl 


—— Ri + NaBr 


yi iAlkylibalides 
An alkyl halide molecule (R—X) consists of two parts, An alkyl group with a, pata positive charge‘on! ithe 
Barbon atom attached\to a'halogen’atomand the halide atomwith.a) partial negative. charge. 
' _There are two main'factors which govem the!reactivitv. of: R—X bofide These are: 
(i) €—X Bond'energy 
(ii) ‘C—X Bond polarity 
sBond| Energy : 
Smaller tie! bond energy. greater will'be the reactivity ofa bond! and vice versa: 
© The strength‘ofithe bonds ‘shaw :that.iodo: compounds (withthe weakest bonds):would'be 


the most-reactive one while fluoro: compounds will be oe least reactive. So the:order: of 
reactivity of alkylihalides shouldibe 


R= I> R=Br> R— Gl'>R=F 


“Bond Energy) 
(ku/mole) 


‘Bond Polarity 

- Ac polar. -bond is. more. -reactive than. a non-polar. bond. The greatest. - 
electronegativity differetice exists’ between icarbon and fluorine atoms:in: alkyl fluorides. ° 
Jfianielectrophile jis the: attacking: ‘reagentithen: this difference suggests that alkyl fluorides 
would"be the ‘most reactive one. On the same tines: alkyl iodides should be the least 


reactive alkyl!halides. 
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~ Alechols may be converted to the corresponding alkyl halides by the action of halogen acid in the presence, of 


‘Examples of Nucteophes 
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conclusion: 

In the light of the above disc 
behaviour, about the reactivity 
Bx ver iments ave shown that. t:th 


fluo 
tides do not'reactiunder, ordinary conditions. 


 BeaBioce 


Ther reactions of alkyt n 
L Those reactions. in whi 
reactions), 


alides falliinto AN) Categories, 


ich the haloge 
f Nis re 
placed: ‘by, some other. atom orf group (nucleophilic: Substitution, orS 
N 


- Stal : Sw Reactions: 
The overall process describing.a‘S,, reaction is shown as'follo | 
WS 


cy 


Nu+—c—f —— Ne = 41> 


| 


Insthissequation. the j incoming, group Nu’ isa nucleophile:and “1” 


Nucleophile is leaving. group, 

°  Nucleophile means nucleus loving, | i: 
e {It has an unshared electron pair available for: Bonding. 
© Inmost:cases‘it'is:basic in character. 


°  It-may be negatively charged baipeutra 


Flectrophile 
Itis.a specie which attracts electrons (electron' loving). 
In:most:cases, itis acidic:in:character. 
‘The carbon atom of an alkyl) group:attached with the halogeniatom:and| bearing a partial Ipositive charge is called an 
clectrophile or electrophilic.center. ; 
An electrophile may be neutral or positively, charged. : 
Examples: AIC, ‘BF, NH# Gl’, Br, NO3. S03, Rete. 
(avin Group (Lj 
Leaving group (L)) \is-also a nucleopile. 
Lis called) leaving group because it departs 


we Wish a Sy reaction to: proce ini the 
departing one. 


ith an unshared! pair of electrons. 
forward direction the incoming nucleophile must be stronger’ than: the 


_lodide Jon is a igo 
nucleonhile because. 
high polarizability, any 
good leaving, aie 
because of low bong 
energy: p 


' Good Lorving Group 
.& Good nucle ophils 


Substrate Molecule 
The alkyl/halide molecule on which a-pucleophile attact 


BICR WICGR | 
Ee —— 
jon reactions. . 


is is'called a substrate molecule. 


vanismorNucele 
Alkylihalides may undergo nu 

1. Nucleophilic Substitution Bimolecular (Sy2) 
‘2. Nucleophilic’ Substitution\ Unimolecular (Sy1) 
‘Nucleophilic substitution reactions.on alkyl\halides ‘involve two main processes, the:breakage of © — X\bond/and 
the formation of © — Nuibond, The mechanism of the nucleophilic substitution reactions depends: uponithc'timing 
_ofithese two processes. If the two processes occur simultaneously the mechanism is called Sy2.:1f the bond breaks 


-.- firstifollowed'by the formation of a:new bond, the mechanismiis called Syl. 
epee peepee eee a pas | ACTIN Scsbe pant) : 
Nueleophilie Subemtu tion Bimolsculan(Si2) 

Definition 
“The nucleophilic 'substitution reaction mechanism )in-w 
bond occur simultancously:in‘one'step is called Sy2 reaction.” 


hich breaking ofC _X bond'and the formation of C=Nu 


‘Example: C,H;Br+KOH(,,) »C,H,OH+KBr 
‘Mechanism of Sy2 Reaction 
Hy A Reo H 
aN Ve- SF _= ea = 
OH + H=C— Br-——> HO-G--Br —> HO—-C —H + Br 
HZ le EN 
‘ Transition state inverted molecule ‘Leaving)group 


Explanation 
Single.step Reaction : GE 
- This is a single step mechanism. As soon as tlie nucleophile starts attaching the electrophilic carbon| of te 

substrate, the bond:with:which the leaving. group \is-attached, starts breaking. In other-words the extent: of bondi formation 
is equal to. the extent of bond'breakage. - : 
Direction of Attack - 

The'attacking:nucleophile attacks ‘from the side which is opposite fo the leaving group. 
Change in Hybridization 5 
hybridization from tetrahedral’ sp” to planar-sp*. The attack of the nucleaphile, the change in the state ofhybridi 
the departure of the:leaving group.everything occurs:at:the same.time. 
Inversion of:Configuration : ‘ ; 

During the reaction 'the configuration of the alkyl halide molecule gets inverted. There is 100% inversion of 
configuration: 409 ; - 
Molecularity : we ; 
Number of molecules taking part.in the rate determining’step is called'molecularity. Since in this mechanis™ ie 


reaction takes:place in only one step which‘is‘alsoa ee : : 
man : ‘rate d ster ge ae i EHS 
sO jitiis called'a'bimolecular-reaction: ctermining.step and two molecules are participating» 


ation #2 


G ' re = — 
Chapter 10:(Alleyl Halide _ gcholar’s © 
a ee 


. qucteophiles. 


_ In order.-to give to the nucleophile enough room to attack, the substrate ‘carbon atom changes ‘its state of ! 


HEMISTRY _ x = arn 
nH (Stib jective) ; 
Reaction Kinetics ; - eee 


Kinetic studies ofthe reactions; 


neentrations of: : NY : 
the co 1s of'alkylhalide-as wel]: asthe ‘ii have shown that: 


Rate = k [substrat i 
Nature of Alkyl Halides | a i 


Among the 


ee 


ng:nucleophile} 


alkylialides, the pri 
> Primary. a} al; 
Pas : ay alkyl lialides-always follow Sy2- mechanism whenever they are attacked'b 
; by 


Definition 
“The nucleophilic substitution react; 


bond occur one after the otheni diffe ‘which: break 
( ehin two dj i ing off C —X:bond 
Example: (CH), C=¢l+ aoe ae is Called 'SyIi reaction” ane Me wpmmatien oh SN 
< 4Q) Tis = . 
Mechanism of Sy7 Reaction eS 
First Step: mca 
- £ bf . ° ’ Rate of $,1 reaction is not: 
3 Sas GH ¢ : effected by: F 
| Slow RS poh a) Nature of:solvent 
CH, —C—e! “Polar Solvent c : b) ‘Stability of carbocation 
| : l +¢l c}\Nature of leaving group 
CH; cH d) Conc: of nucleophile 
| cena) - e).Conc. of:alky! halides 
Second Step: = 
He p ile 
so @ pe, CH—C—OoH i 
Cae : Stability order. of Carbocations. 
i GH; - ° 
See \ Seite T carbocation >'S° carbocation > 
Explanation sare earaseatsn 


Two Steps Reaction : 
“It is a two steps mechanism: The first step i ible ionizati alkyl halide i 
Hi p is\the reversible ionization of the alkyl! halide in.the presence of 
savas acetone or an aqueous ethyl alcohol. This ‘step;provides a carbocation as'aniintermediate. ‘In ite scconilfctep this 
catbocation is attacked’ by the nucleophile to give the product. 
i _Since the first step involves; the breakage of'a covalent bond 'so it is'a‘slow. step:as. compared toi the:second step 
a = involves the energetically favourable combination ofiions. The first'step \is:therefore, called:the rate-determining. 
Molecilarity p | 
; _The*mechanism is called unimolecular: (molecularity. is one). because only oneimolecule takes part in the rate 
Stermining step. ; 
Direction of Attack: ; 
al In'Syi mechanism, the nucleophile attacks when the leaving group had 
i tad gone. so the. question ofithe direction of the attack doesnotarise. — 
tear the intermediate carbocation is planer specie allowing the nucleophile 
>atack on itsfromiboth the directions with equal ease, = 
H;G - GH; 


of “ef Gy—> He-o= OH + HO=E =CH, 


‘MCQ's 
The final product obtained when 
NH, ‘is treated with ‘excess of 
-ethyl bromide 
{(a):Ethylamine 
(b) Diethylamine 
CH {c) Triethylamine 
3 (d) Quaternary.ethyjammonum: 


CH, i He. a 
; Reteriton of 
configuration — 


ante 


Configuration of Preduct 
There is 50% inversion oficonfiguration and 5 
Reaction'Kinetics . 
Reactions involving Sy] mechanism show first order kinetics : 
concentration of the alkylihalide. The rate equation of.such reactions can be written as follows: 
Rate =k [Alkyl!halide]. 


0% retention of configuration. 


and the rates of such reactions depend only upon th " 


Nature’of/Alkyl:'Halides 

Tertiary alkylihalides w 
Inall secondary alkylihalides Sy reactionmay 
nature of the solvent in whichithe reactioniis ¢ 


hen attacked! by ainucleophile always follow Sw! mechanism. 
occur. through Sy! mechanism or Sn2 mechanism depending on'the 


Note: te ee 
: arried out, Polar solvents help in ionization so they favour Syi 


Reactions. 


Examplesior SwiReactions 


ee 


Some Sy reactions are given'below: 


Substrate _ - Attacking Product 
u Nucleophile 
CH—¢H—Br* «Of =—— CiRIOH + . BF 
54 : _  Ethylalcohol _ 
CH;—CH;—Br” + 7 ——_——> CH, + Br 
a a : = Ethyliodide ; 

CH=CH-=Be .- +  GNT >  G.HCN ‘ge asta 
as : a Propanenitrile : ; 
CH—CH;—Br” + NO; ———> C,H.NO, + Br 

4, eee Nitroethane f 
GH;—-CH;—Br* s Co ——— GH, — CH} —O— GH) +. ‘Bir 
a : ms Ethylmethylether 
CH—CH-—Br~ op NH, ——— C,H,—NH, +. HBr 
c ae : a Ethylamine — : : 
CH—GH-——Br* + CH;—CH.—NH;  ———> (CH, — CH,),NH + . BP; 
se 7 x! . Diethylamine olan 
GH;—CH;—Br* + (GH,—GH,),NH 9 ————> (CH, —GH,), N +6 HBr 
SS ’ a, Triethylamine ’ 
CH—=CH-—Br" + (CH;—:CH,),N = ———=. (CH, —=GH.),N + BT 
Hs ‘ Quaternary ethylammonium ion, 
CH—CH,—Br* + . SH ——— + GH;SH + Br 
“ Ethyl thioalcohol 
CH-CH-—Br* + CH, COO"Na*_ ———> CH,COOG;H, fs : 


Ethy! acetate 


et are ceo Gee Where 
4. “The nucleophilic substitution reaction mechanism in} 1. “The nucleophilic substitution react 

which breaking:ofi'€ — X bond and the formation of ©— Nu | which breaking of € — X bond andthe formation 0” 
bond occur one after the other in two different steps is | bond occur simultaneously in one step” is ca ed 
called!Sy1 reaction.” ; reaction.” S 

(CH,), €=Cl-+ KOH;.q)— (CH); C-OH KCl C.H,Br+ KOH 

: — = (29) 


= 


Ss! 


>C,H,OH+KBr 


Chapter 10 (Alkyl Hatidesy = 


"2. it completes initwo 
First Step: 


steps, 


2. It completes in single step. 


CH, - : He H oY 
i Slow CH, CH ofa ee NZ. a 2 
: : N73 C—Br—> HO-C--Br—> HO—C —H * Br 
Bie eos Polar Soivent c’ ; HZ | Ny 
er : 
CH, ir I Transition state Inverted metecule, Leaving group 
Second Step: 3 
Hj GH, t CH 
eA ls 
“ + OH Fast 


Ch, 


3, The attacking nucleophile attacks from opposite side of 
the leaving:group, 


4, There is 50% inversion of confi 
retention oficonfiguration: 
§, Since one)molecule takes,part in-rate deter 
so ils molecularity is one (unimolectilar) 


5. Since- two molecules ie. substrate and attacking 
nucleophile take part in rate determining step, so its 
molecularity.is.two. (bimolecular 


mining-step, 


“ order-reaction. 
1 | “nucleophile 
7, Usually, primary alkyl halides show or follow $2 
mechanism depending upon:their-structure and the nature of 
the solvent. 


____Rate =k [Alkyl halide 
‘7. Tertiary alkyl halides when-attacked by, 
always follow Syl mechanism. 


a nucleophile 


— 


a 
Q10 What do you understand by the term f-elimination reaction?-Explain'briefly-the two possible mechanism of 
' B-elimination reaction. - lite 


minationiReactions 


“Reactions of alkylihalides which involve the loss of two ‘atoms 

or groups from the adjacent carbon atoms to give alkenes are 

called B-climination reaction” 

Explanation 
During nucleophilic substitution reactions, the attacking nucleophile attacks the electrophilic carbon atom of the 

alkyl halide. There is another site present in the alkyl halide molecule where the nucleophile can attack:at the same time. 

Such a-site is an electrophilic hydrogen atom attactied to'the P=carbon ofthe alkyl/halide, When the attack takes:place on 


hydrogen, we get an alkene instead of'a substitution product: Such a type.of reactions:arc called elimination reactions. 
These reactions take place simu 


{taneously with substitution reactions and often compete with them. 
Types of Elimination Reactions ; 


B-climination reactions are of'two types: 
i) E2 reactions 


(ii) EJ reactions 
HH : 
| | | alcoholic 
| Wc—C— te US aS HBr 

| | H H 

aan i inal E2 or El mechanism. 

the elimination reactions can also follow E2.or El m 
ee 


Like nucleophilic substitutions, 4 


iEZiReaction ; 
“One step elimination reaction in which both the atoms or-groups leave sinitiltaneously is called'E2 reaction”, 


H,C—CH,+ KOH “==> H.C =CH, + KBr + H,0 
il 


H Br Ethene: 
Mechanism of E2 Reaction 


Single Step Reaction 

Single step reaction which is slow and rate determining step with the rate transition state, In the : same step, base 
attacks on the acidic|hydrogeniand'halogen:atom is:removed!simultaneously resulting!i inalkene:formation. 
-Molecularity 

Bimolecular:reaction as two molecules are taking part:in the rate determining. step. 
Reaction Kinetics . 

Rate = k[alkylhalide] [biase] 

Chemical\kinetics shows that?it-is 2" order-reaction, : 
Nature ofAlkyliHalides: : ; . , 

_ Usually primary alkyl'halides follow Eoomechanisit 
Factors effecting-Ez'Reaction 


The rate of those reactions which follow E2 mechanism depend upon the. concentrations: of the -alkyl: Halide) as 
wellias:the attacking nucleophile or albase. : 


° It competes Sy2 reaction. 


“Two steps elimination reaction in which the leavitig group leaves fi rst followed by the iremomal of hydrogeniis 
called 1 reaction”. 


GH; 


Alcohol, : : Sri 
: Hehe) - 


cH,— ai Br + KOH chs KBr + H,0 


CH; CH, 
2-Methyl-2-bromopropane 2-Methylpropene 


Mechanism of 'E1 Reaction 


gcholar?s GHEMISTRY — X11 Gubjeetivsy 


a ’ 


(ya StEPS keaction 


Tlie first step is slow, reversible and 
car 
removes acidic hydrogen and ‘alkenes i is: formed, Pocation is formed, In the second step the base (sometimes solvent) 


olecularity 
It is unimolecular reaction: 
Reaction Kinetics 36 wh | i ; 
Rate = k[alkyl! halidc} ; é z i 
Chemical 'kinetics shows thatitis:1* order. Entei : 
Nature of Alkyl Halides . 
Generally tertiary-alkyl halides show El ‘Teactions 
Factors effecting E, Reaction 


ie ralssioh these) Meeations wilh follow E1 mechanism depend only uponithe'concentration of the alkylihalide \} 
molecu 6. 5 u ae iii i 


° It competes'Syl reaction. Piiee 


Qa Differentiate between E1 and E2 reactions. 


One Bian elimination reaction in which\ both the atoms or'| Two, eee elimination reaction in which the leaving, 
groupsileave simultancously is called'E2 reaction. | group * ‘leaves ‘first’ followed by the removal of'|’ 


. Hie—ch, + KOH Alcohol. H.C. =CH; + KBr +.H,0 ‘|| hydrogen is‘called'E]! reaction. 


CH, 
Etheno 
Hi Br : CH}—C—EBr + Kon SEES CHraG cH, ic +H,0 
CH; CH, 


2-Llathyt-2-bromapropana 2-Melhylprepene 


a 


. Bimolecular reaction as two molecules‘are taking part | 1. Itis unimolecular:reaction. 


in the rate determining. step. 


2 Two step reaction. The first'step' isislow, reversible 
‘and carbocation is formed. In the second) step; thes}: 
base (sometimes solvent) removes: ‘acidic hydrogen i|- 

and alkene is formed.. 


2.. Single step reaction whichis slow.and rate amine 
step with the rate-transition state. In'the same ‘step, base 
attacks on the acidic hydrogen and halogen atom is) 
removed simultaneously. resulting'in alkene formation. ts 

Rate = k[alky! halide) 


3, Rate = kfalkyl halide] [base 35. — 
a der 
14h. Chemical kkineti¢s shows that: it- is, 17 on 
4 + Chemical kineties shows thatitis2™ ‘order reaction. “1 retin, puts 


<r 


Wurtz Synthesis 
“Alkylhalides react with sodium in dry cther solvent'to give alkane 
is particularly useful for the preparation of symmetrical alkanes. 


CH, ~CH, --Cl+2Na+ Cl-CH, —CH, “+> CH, - CH, - 
~ n —"Butahe 


5. The reaction 


CH, - CH, + 2NaCl 


Reduction of Alkyl Halides . 
Alkylihalides canibe reduced with zinc in\the presence ofian aqucous:acid'such as 
HG] orGH;COOH. 3 
CH, —CH, -CH, -Cl+Zn+H’ +Cl ——+CH, ~CH, ~CH; + ZnCl, 


Propane 


(2). 


(3) ~~ Reaction with Sodium Lead Alloy (Na,Pb) 

s - Methyl chloride and ethyl chloride react with sodium lead alloy giving 
tetramethyl lead and tetraethy! lead, respectively. These compounds.are important anti- 
knock agents:and/are used’ in gasoline. ; 

4CH,Cl+ Na ;Pb —>(CH,), Pb+4NaCl 
Tetramethyl lead 
4CH,CH,Cl+Na,Pb—>(CH;CH, ), Pb + 4NaCl 
*‘Tetraethy! lead (TEL:) 


Grignard reagents RMgxX are. derivatives 
-organo-metallic.compounds. 

Grignard ireagent\was first;prepared'by Victor Grignard\in 1900. 

These reagents: are so important in organic synthesis that almost all the classes. of 
organic compounds canibe;preparedifrom them. 

Due to their importance and applications Victor. Grignard’was ajvarded Nobel Prize 
in chemistry. : < 


of alkyl halides belonging to class of 


Preparation of ethylmagnesium, bromide 


(alcohol free, moisture'free). 'R** —X° +Mg—>R—Mp—X 
When: cthylbromide is treated with magnesium metal in 


AR et 
formed. tig) presence. of dry ether, 


Grignardireagents are; prepared'by the reaction ofi maghesiumimetaliwith alkylhalides in\theipresence of 


~ geholat’s CHEMISTRY - XI '(Subjectivey 


: CH, ~CH,-Br+Mg—te_, 


CH, -CH, ~Mg- Br 
Caution: Itis important that-all the react Ethyl magnesium bromide 
active thatthe ball Wie:reactants must ; z 
reactive that they may react with moisture or any Shean dry and:pure because Grignard reagents-are so 
Y present. 


Why dry ether is necessary forthe preparation of Grignard reagent? 


Grignard reagents are much reactive class of or 


impurity (alcoholic contents) and ‘decomposed i aaa compounds. They immediately react with moisture or any 

- . ed in ‘ iTheretars ; operey) Wert - 

all the reactants must'be absolutely. dry-and aire o alkanes. Therefore during the preparation of Grignard reagents 
Re Xo + Mp oR Mg - X 


MCQ's ; order of Reactivity: 9. 
Which of the following » Reactivity of alkyl halides with magnesium is in the following order: 
product is ‘formed when Alkyl iodide >“Alkyl'bromide > Alky! chloride 
ot Cee is treated >» Foragiven halogenflic order ofreactivity.is as follows: ra 
with Na in ether? ; 5 Peet ? 
(a) CHjX> G,HsX>'CjH3X_ 
a) n-Butane (b) PI P 5 - - ——————" 
levssne eons | q_—_tond espe o renehe oleae AN? | 
c)\Ethane (d) Methane — 5 = ; —— 
= ; Ans Grignard reagents are much'reactive thansmost‘of'the organic compounds. ‘The reactivity is due to the nature of 
(e)/All of these, ¢.--My bond which is highly: polar, : : 
CH, -H,¢* —Mg* —X*" : 

Magnesium is more clectropositive.(E-N =:].2) than carbon (EN = 2,5);and ‘the C—Mg bond'though.covalent is . 

highly pulars giving alkyl carbon the. partial incgative charge. Thisinegalive charges an unusual character which 

makes-the alky! groups highly reactive towards electrophilic centers. = . 

Mostly reactions shown:by Grignard reagentare.exothermic. . 

6 . 
= Br 
ae re Ate fs oH Ether = CHM ste! 
--QH—CH—Mg—Brtn ——— 3 iy ‘ : 
Organometallic Compounds: CH Che- Nig \ ae Nou : Sait 
Ethyimagnesium bromide Water F = 5 ‘ 


These are compounds ' 
which: metaliatom isdirectly 


(ii) With Ammonia 


bonded ‘to, carbon atom of ae 
organic part. e.8-, re “Her. 7 ALS On mys 

icthylt — Gua weeereH=NHp => CH ers * Mig 
n=butyllithium, Dicthylzint CHRO Ma WA ee SNH) => x“ = 


Grignard:reagents.ctc. “+ =~ eunyimagnesim bromide igh 


rane 


a= ie s 
—Nq—Br “Cl=b 
GH CHE Ma Bre hy 


(ii) With Cyanogen Chloride. Sein 2 
| Es Jewel, @H;— CH. CN-+ Mg: 
- SNe 


Ethane nitrile 


dry ether 


~ Ethylmagnesiu™ bromide cma ibe 
carboxviic.acie: 


eis drolysis-sives. 


ethylmagnesium bromid Alkane nitrile o1 nitrile on 


(iv) With Alcohols 


(v) With CO, 


——————r Br 

oo a a re ran _Etner , 4 
GH—-CH—Mg—B6r + CH,—CH,— 9 —H ——* CH,— GH, + Mg 
Etnyinegnasivm eomide. r) Eivane \ OGH,GH \ 


Ethatai 


Chapter 10 {alkyl Halicies) ; 


a apa 3 ; H.O yet 
CH CH=Mg—Br + O=C= @ Eine. “O=6— —OMg8r+ O= G—OH +Mg 
Enya agqnesiat pramude CH. - M ¥ ‘Sou 
* Carbon gud j : | : 
CH, CH, 


¥ Propannic acd 


(vi) With HCHO (Formaldehyde) 


H H : 3 H . 
aa " Se : z \ yet 
Ce Ai eC is HOE 6ugprttSs x = — OHM 
Elnyimagnesiin bromide \f CH—CH. CH-CH, Nou 
¢ Mattianal : : LePropanci {Pemary alcohol) 
(vii) With CH,CHO (Acetaldehyde) ? 
, aN . Re . ne Be 
ri: CH-Mg—Br + p28 ee CH | c—Omgsr LS CH = OH Ma 
Deriyriepne sian) DeOMNde CH, GH = CH, CH =—GH; OH 
i Etnnont 2-Butanol (Secenvary 2icohe!} ; 
EE 
" (viii), With: CH,COGCH, (Acetone) : 
GH, GH. _ GH, = 


Qs - 


Ether 


PSN Se eas ; IN ; 
See Se ® SM. cH-c— Gmger 22+ cH,— 6 =OH. + MG 
Y Z Non. 


bing amaigae Sune fnromda 


6 


Propanone 


CH=CH, CH-GH: 


2-Metnyt-2-butano! (Tenrary alcohol; 


Oe 


(ix) With:Epoxide 


Ethylene epoxide 


(b):Ethyl ‘alcohol 
{f)/propanoic acid 


(c);Ethyl cyanide 
(g):Propane 


n-Butane: 


ther 


Cah Br42Nat GH Br— "> HCC, CH-CH+2NaBr 


mButne 


: . HO. 
CH-CH-M ‘g— ors GH Gi seers GH;— CH.-— CH;— CH; “OMgBr-— CH= GH,—CH;—CH,— OH + Mg 
: io {: Butanol (Primary, atcohol) 


Using ethyl bromide asa starting material, how would. “you, prepare the following. compounds? Give also 
inorganic:reagents:and: conditions necessary, to carry out: these»reactions: 
{a) n--Butane: 
(e)/ Ethene 


~ (d)!Ethane 


¢) 


tl) 


) 
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Qua, 


c) 
Ethyl alcohol: 


CH, Cl Be tNaQl 
; 1 =»:@ . 
(aq) ; Ch ~€l I; = OH *NaBr 


Ethyl alcohol 


Ethyl cyanide: 


Se é 
_ CH, - Cll, -Br+kK-en 


CH, ~ CUh-@N 4K Br 


Hthivl cyanide 


Ethane: (Reduction) 


A 


CH, - Clb = Br tin H" + Be ~—)' CH; -CH; + ZnBr 


Ethane 
a 
Ethene: (pehydrols yen) 
ry a ; a * 
iy oll. - Br eKoI 2 pre Ells = GHy HO + Kir : : 
Ethene 


Propanoie)Acid: 
a ie $e de 
@lls - CH: -Br+-Mg —“5 Glh- CH, -Meg- Br 


[thy] magnesium bromide 


S 


a 
Br 
P “ 
CH— CH= Mg—Br + - 6=C=02S 'O= eget o= 6 OH.+'Ma 
Etnglmagnesunt bromde y = a i Nou 
Carbon woxice wid : it: 
"GH; CH, 
- : Propanore acid 
Propane: f 
: +6 m 
CH. lis B+ Mg —2*> Gl CHy- My-Br 
Za 
EN ‘Ethel, GH, -CH)- CH; - OMg~Br | : 


CH - CH. - Nig - Bre ee 

H 70H . 

U0!» GHeGH-GHrOl+ Mg. 

CH,-CH.-CH-O Mg Br ——? GH;-GH- Cr 8; 
|-Propanol 

Ciy-€lly GH OH SOC —— » Gi]; <GH,-Clis- CHE! * SO: 

CHCl CHh-clzZnFH4Cl —> GieclsGlt ee . 

= = . ~ \Propane . 


ne 


5 tie oa 
rsions' ——» (GH;-GH:); N’Br 


——» GHjGH=CH: 


How will you carry out the following conve 
(i) Cl, __ + CnjEH;coou 

(iti) CH=CH; —-—: Cliy-CiyCH=CHrOM 
() Cl,cool — ~CH;CHCOON 


(ii). Gilet 
a) CHCH AGL 


Ans : 
(i) 3CH,CGOH 
° CH, + Cl, Sit CH, CF+ HCl 
, ° methyl chloride : 
° CHy-CH2Nat@l -CH; = > CH=CH t2NaCl 
; Ethane 
° CHy-CHs+Br, + CH» CH-Brt HBr 
; Ethy!' bromide 
a == ae Br 
CH-CH—Mg—Br + O=C=0 SB ‘o=c—GMgBr-——> O= c— OH + Mg 
Ethylmagnestum brounde / Mas CH, OH 
Garvan dioxtde | C | 
Z CH, CH; 


Prepandic atio 


. (ii) CH;2€1)-—> (CACHAN Bre 
Ans. © CH-ChytBr - att Chy-Cly-BreHBr 


° Ch; - Cll; -Br- + Ni, —+CH, ~ - CH, ~ NH, + HBr 


. Ethylamine 


° CH, - Chir - Br+@H; - CH, -NH,- >(CH,- -CH; WHR 
: : Diethylamine _-2 
= ° CH, —CH, — BF-+(CH, -GH»)2NH >(CH, — CH); N+ HBr 
Tricthylamine : 
. - + = 
° CH, —CH, —Br+(CH; ~CH,); N — (CH, -CH,), NBr- 


Quarternary ethyl ammonium bromide 


pe eer TE OI ELE EEL RL DE OSD 


- GH)=CH,—=> EeButanol 


CH, = CH, +4 0 » ae we 


“Ethylene epoxide 


Chh-GHa-Mg- sieGinin Mon chore OMgBr 
! 
Hlo 


CHs-CH)-CH,-CH,: OH + Mg 
A:Biitangh ‘Br 


CH;-CH- CH= el —> ‘€H)- CH= CH; 
‘Cis: =CHi— CH= El + KOH Sabina GH = CH= = CH3+ KGIH:0 
: : ' Propene :. 


Shapter 10 (Alkyl alidey 


OE ; 4 : 
iy) CBee CHS CH; coou 
a CHCOG 
‘ COOH +NaOH-. CH, COONa! 4 Ho 
Sodium acetate 
: 2CH, COONa +2Hi oFlectoysis : 
CH, -\CH,+ 2NaQH. +H; +260, 
Eel _ Ethane 
CH3-CHy+Br,, —Suolisht- 
: ieee >» CH-CHeBrHBr 
pp lbromidy 
CH)-CH2=Brt+ Ether By 
° CH; Mg —", CH= =CHy- Me~Br 
Bthyl magnesium) bromide 
; © 
. ew gm ? 
. GH. - Ma-- Ether - dl 
_ = O ee 
i > 5 JOH. 
=f HO I 3 
© CHECH,-C-6 MgB 2. cH,-cH.-c- OH+Mg” 
Br 
‘Propanoic acid 
1. Monohalo derivates ofialkanes are called alkyl’ halides (RX), 
2. The gencral formula ofialkyl halides is C;HaniiX. . - 
3. The best method for the preparation ofalkyl!halides is) by:the reactions of alcohols ith inorganic: halides like 
SOGI». PX3. and!PXs. 
4. Alkyl halides:are very reactive class ofiorganic conipaunds They undergo nucleophilic, substitution reactions and 
elimination reactions in'the presence ofa nucleophile or a\base, 
5. Nucelophilic substitution reactions can take place in two’distinct-ways. A’ onc; step mechanismiis called'Sy2 while 
aitwo'step mechanism is called'Syl. Swlircactions show first‘orderikinclics. whercas'Sy2ireactions show!2 ign order 
kinetic, ears : : 
6 — . Nucleophilic substitution|reactions' take place simultaneously. withiclimination reactions and often compete with 
them. iio eo) Ge 
1.” Elinitnution off two afomstor. ‘groups from adjacent: carbon :atoms in\the| presence: ofa nucicophile. ora! base ‘is 
called elimination reaction. Like: nucleophilic substitution. B = -elimination: ireaction also'take; place’ in two distinct: 
8. rar ease can be: prepared! by adding. alkyl ‘halide | inva-stirred suspension of magnesium metal ini idicthyl 
9 aes d h cactive: nucleophilic carlion’atomiwhich can} ifeact: withielectrophilic. centres to) rita Cha, 
: iunard ‘reagent has asreat 
rod gent with: formaldehyde. - 
10. Priniagy, a ae tertiary aeahols can|be best prepared by/reacting, Grignars reagent with formaldehyde 


any other aldehydes: and! ketones: respectively: 


Q2. 


Answer Key. 


1Q3: 


Chapter 10/(Alky 


“Se 


UHalide 


SOLVED OBJECTIVE EXERCISE 
Filliin: the blanks. . 
(i) Iv tertiary alkyl halides the halogen atom is attached to a-carbon which is further attachedito carbo, 
atoms directly. ” i 
The bestmethod for the prep 


(ii) aration of alkyl halides is the reaction of with inorganic reagents, 


Gi) Awalkyl group.witha partial! positive charge onthe carbon atom 1s called ——_scenter. 
(iv) The mechanism is called ___if it involves one-molecule in the rate-determining step. 


ag the number of molecules taking part inthe — 


(v) The molecularity ofa reaction is defined: 
andithe reaction show ___order kinetics. 


(vi) Che molecularity of E2 reaction is always two 
1 


(vii): Wurtz synthesis is useful forthe preparation of __ alkanes. 
(viii) Grignard reagents are prepared by iRe reaction of magnesium metal with alkyl halides: in the presence 


>of 


Indicate True or false. : 
atom is-dttached!to a carbon whichis further attach)to two 


(i) In. secondary alkylhalides. the halogen 
carbon atoms directly. 7 
(ii) Alcohols react withithionyl chloride in ether as solvent to give alky halides. 
Gil) Order of reactivity of alky halides'for ajparticular alkyl group is 
lodide > Bromide > Chloride > Fluoride : 
(iv) + In Sx2 reactions the attacking nucleophile always attacks from the side in which the leaving groups 
attached. ' ? 
(v) Methyl magnesium iodide onhydrolysis yields ethylalcohol. 
(vi) ~ Primary. secondary anditertiary amines react with Grignardireagents inthe same way. 
(vii), Phe reactions of'secondary alkylhalides may follow both Syl andS,2 mechanisms. ‘ 
> (viii), Syl mechanismiis.aone stage process involving asimultancous bond!breakage and!bond formation. 
(ix) In B=climinationireactions, the two atoms or groups -attachedito:two adjacent carbon atoms are Jost undet 
- the influence:of an electrophile. 3 ; ; 
(x) The reactivity order oftalkylhalidesiis determined'by the strength of carbon-halogen ‘bond. 


Answer!Key. 


Saale ea era — 
(i) {Fru cD) 1 False | Gi) | True | Gv) | 


es = ’ Ran hone aT = 5 i { mr 
(Ni) ; False | (wit), Truc. (viit) | False | (ix) | False | (Gs), Hrue 


Spe. wee 


False |) | False | 


Multiple Choice Questions.:Encircle the: correct answer, . 
(i) In primary alkylihalides the: halogen atomis attachied!to.aicarbon which is: furthe 
many carbonatoms: TS 5: 


attached (0 how 


(a) Two (b) Three - ‘(c) ont (d)ifour 


(ii) The reactivity order ofalkyl halides for a,particular alkyligroup ‘is: 
> (a)iFluoride >! Cliloride. > Bromide: > lodide: 
(b)'Ghloride => Bromide —__ > Flioride > lodide 


>: Chloride 
>‘Chloride 


(c)ilodide 
(d)iBromide 


> Bromide 
> Iodide 


> Fluoride 
> Fluoride 


-holac’s CHEMIST ; . 


) 
. (iii) - When co, ; 
nen CO, is mae 243 
rodue : O react with : 
Pp duct formed is: act with cthyl magnesium iouid . 
ones a Stun) iodide, followed by acid hydrolysis, th 
(iv)  Grignardireagent: D) Propanoie acid (c)/Pr i es 
; thenis reactive due to: ©) Propanal (dyP 
(a) the presence off | 5 cae 
(ce) the polarity Woven atom (b) ' 
(v) x2 reactions ty of C—Mp bond Hnenteserce oh Mereiem 
: citing canbe best carried out : (d) None-ofiaboye 
a). - Primary alk tide with: ‘ 
(c) Tertiary atkyt hate ‘Se 
(vi) Elimj ry alkyl halides ol pocoulcars aly nulls 
: timation bimoleéitar reactions | ieee Atte tise 
(2) firstiorder Kinetics : is 
(cv) third ordef Rinetivs uP) sesondarder ineties 
(vii) For which mechani (d)7e0 order Kinties 
' wha: tii at ero order’ kinetics 
(a) Li Landl2 se first'step Involved lis the: same: 
3 (c) Sxl and £2 (b) E2and $32 
(viii) eo halides are considered |to be yery rea ti SUeMend si) ° 
3 q hey hae an elictrophilie caren clive conipounds:towards nucleophiles, because: 
ey havean elec ili | 7 
im dh oe a ceophil carbon and a good)leaving: grou 
ey i me ane cetrophilic carbon and a had leaving prou ‘ 
© fo © a.neucleophilic. carbon and good Teaving.e i 
; erate of El reaction depends upon: re ctiea 
(a) the concentration:of substrate 
n ri concentration of nucleophile 
(e the concentration of's ; 
substrate as well : sleophile 
(d) None ofithe above Soe ne 
(x) Which one ofithe following is nota'nucleophile: 


1aECO) 


His ())- BR = ta) 


Reactivity’ % as @—Filiusthi ERB 
! yo ; Fhusthighest bond energy while € — Uhas 
> Bondlinergy ~ e W energy while © — Thas 


‘1 Howest:bond enerey-among.them, So..this.reactis: 


itv.arderis:vorreet, 


« 


CH=—Cti= Mgr O=G=0-=> “o=¢—Gmsorr Se O=C—ON »Mg" 
| Esresrang eons tecinate aS eee GH 5 Ke Son 
@ > ’ 
: GH ba, 


i 1 Vid , 2Biteahn aot 


Mond is very polanduc to high clectroncgativity difference (1.3) 


‘(c) Due to Polarity of C= Mg 
bond =. 
(a)' Primary alkylhalide: 


a Because stearic’ hindrance invPri 

zy ‘carbocation is unstable. Eee WES? ees 

Fe - en) f 

Rate =k [Alkylhalide] [base] : 
™ order | 


‘first'ste 


imanwalkvlhalide is‘less and primary 


‘(b) Second order kinetics 


(b) They have electrophilic a GS Way 
carbon andigood leaving 
LErou 


——> Nu=e— + 


Chapter. 16 (Alkylita 
a) 


BF; -has no electron pair or negative charge on central atom *B*. Sot it vattracty 


electrons and acts as electrophile. 


Write down the names of the following compounds according to.1UPAC system: 

(a) CH.Cl, (b) (CH, -CH,), CBr | 

Starting from-ethyl:lodide prepares Propanoic Acid: 

Write down the four possible isomers: of €,H,,Cland.name according-to' IWPAG system. 

Give the four points of difference between S,,!' and S, 2'reactions. 

Give the mechanism for addition of Grignard's reagent to CO,. Giving carboxylic acids. 
_ €onvert ethyl: Alcohol:into'their respective halides'by using PCI, and PCl,. 

How. will you get 2-butanol:fromiethyl magnesium bromide? 

How does Ethylibromide react with 


(i) Aqueous KOH (ii) Alcoholic KOH 
What:do you: understood |by the term (- -elimination' reaction? 


lides) 


What:praducts are formed whenithe following: compounds are treated. with Ethylmagnesium:bromice. 


(a) HCHO ‘(b) (CH; ), CO 


Write two methods. for the:preparation of alkyl:halides. 

How:do you differentiateibetween E1 and'E2 mechanism. 

-Grignard'reagent is an:important: organic: reagent.. Justify:the statement. 

Show the: méchanism for the reactioniof acetone with Grignard’s;reagent. 

How methylichloride and /ethy!ichloride will react-with sodium-lead alloy? 

What are:primary, secondary and'tertiary. alkyl/halides? Give examples:of each. 


~ . How:the natureiof-alkyligroup:changes) swhen: alkyl ihalide:t is: converted fo) Ghanardl éagent? - = a 


. Give mechanism: of SN, reaction. 


-Write: reaction ofthe Grignard!Reagent-with alcohol:and: carbon. dioxide. ' . _ 
How, Grignardireagent is usedito prepare Tertiary alcohol? 


Write down equations forthe: reactions: of/Grignard'reagent' with HCN andi CH; CHO. 
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ae ‘ 


rte ) 


Alcohols, phenols and ‘ethers are:classes of Organic: compi jc a 
compounds: FT Satara ea mag rp mop : 
hence considered as derivatives of water. nS nds which are much*closer ‘lo-water in'structure and 


BMA 


Wator:. ‘Alcohol : eS "Ether 


e Alcohols and phenols: are much more close to one another:i inistructuire: and| [properties] Both contain hydroxy! 
(-OH) group;so they may also be termed‘as 


(i) -Hydroxy derivatives of alkanes are‘called: alcohols. 
(ii) Hydroxy derivatives oftbenzene are’ called phenols: : 
o Incther boththydrogens of water are replaced by alkyl or'phenyl groups. 


3? 


R—H,C--H;,G=0H: = R=HC=CH—OH 


- (alcohol) (alcohol), ____(eleohol) 


yr nctional ‘group are called’ Jalcohols. : 
° Sere aaa aan ROH. where Ris anvalky!| group whichi may be CHs— {CHC — 
* (CH;3);CH— and! C6Hs CH ete. 
Classification of Alcohols 
‘Alcohols are:classified'into 
ti), ‘Monshydiic-Alcohols Bay 
® They contain one'hydroxyl group : 
They aoe ced ie eae asi ae atom) ini isecondary alcohols with. 


* In.primary alcohols =OH1 functional 'grou ui aes Sean 
secondary carbon se andiin! tertiary: ae ‘itis attached ¥ “eh 
: CH= =c=0H 

dH, : 
. Fertlary,alcchol 
‘scone alcohol Panu 
pots - primate! ; ot 
Dikydiic Alcchals* 
=GH= CH, - 
They contain two! iron rr) coups 0 (oP ee re hy cH oH 


es OK OA OH oy 
OH ; ene glyco! 
Ethylene gi! ie) 


4.3-Propanedia! 


schol 


so 
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_ ——_—__—— nn, : 


(iii) | Polyhydric:Alcohols 
o They contain more:than two hydroxy! groups (0) 5) 
GH - vil GH 


OH. OH OH 
Glycero! 


Nomenelaturelefialechols ya 
There are two systems of naming,alcohols 
(a) ‘ Common or Trivial Names 
Lower and'simpler. alcohols:are usually known by their common or trivial names, obtained'by adding the:namo —* 
of. alcohol/after the name of'the alkyligroup to which the OHigroup is attached. e.g. CH; —- CH),- CH-OH 


CH30H C;H;OH — €sHsCH,OH CH,OH . | 
Methyl alcohol Ethylialcohol _ Benzyl:alcohol or CHG 
(b) IUPAC Names ae 
In'this system, the alcohols are namedaccording.to the following rules. 
(i) The longest: chain of carbon atoms containing the hydroxy! group is taken as parent hydrocarbon. The:ending ‘e' 
ofialkane is replacediby ol, e.g; 
CH,OH CiH;OH : Gs1,OH 
Methanol Propanol. Pentanol ; 
(ii) The numbering. is started from that side of longest carbon chain where the OH group is given the lowest\possible 
number. ; - - 4 
The position of\OHigroup is indicated'by a number placed'before the name. ‘ 
CH;—CH;— CH;— CH;— OH CH;—CH;— ra — CH, 


1- Butanol 


CH;— CH CH)-OH 
| 


Aso-Butyl.alcohol’ ||’ 2:Methyl+1=propanol 


“ sec:Butyl alcohol ” 2:Butanol 


ter-Buty! alcohol " 2:Methyl-2:propanol 


Formerly. methanol was prepared by distillation of wood. Thatiisswhy, itis also called as: wood spirit : i 
» Now-a-days methanol'is prepared'from carbon monoxide ant Pee or.water,gas.as follows:, 
‘s + of. i" : | 
on GO + 2H; O0T i, CH,OH 
j : yan appropriate ~~ * 46 0°C:200 atm 
If more than one OHigroups are attached, they are indicated by an ‘appropriate suffix diol, triol,cte. ( 


c.g. 


Gila vie CH= a —GH, 
OH OH OH OH OH. 
41,2-Ethanediol 1,2;3-Propanetriol 


(iv) The unsaturated alcohols: are numbered in such\a way that hydroxyl group rather thian the point of unsaturation 
gets:the' lower number eg,, ; 


Recirculation 
pump 


4 'Unreacted 
CO and H, 


Condenser 


aie 3 RA is 
CH,—CH = CH—GCH;OH - Methanol 


Compressor 


Catalyst 
Tower= 


; : F : 2:- Buten -1 ~ol . ; 
(v) When hydroxy! group is not a preferred functional group as in hydroxy acids, aldehydes and ketones; the 


: : = —eturing of methanol: ; | 
substituent:name’hydroxy is used as a'prefix:to indicate the position of OHgroup,.e.g,; > ~ Flow sheet diagram for te manuf ts 
= OH HO —CH— COOH Procedure coal td 

3 2 1 , S ea and hydrogen is PUES. “ ans of coiled pipes: 

CH,—CH—COOH ~ . HO ~ — COOH - * First ofall amixture of carbon’ monoxide and pee see into a reaction chamber. by means.of coulea'p Pp 
ane . ; g ; . ; 9 ; me {mo ; 
2:Hydroxy propanolc Acid 2,3:Dihydroxy butane-1;4-dioic Acid * Ibis compressed under a'pressure a ae Hy - sengerto get methanol. 
-(Lactic Acid) (Tartaric Acid) Et ae * Here the catalyst is heated upto 450500 sei through a condenser 


vapours) ich are n chamber. 


= * Gases react'to form methanol reactio : { 
“Of oe Cas Ge ‘Se 2 : J 5 ressor tor 5 . i 
BICR E83 SGR . Unreacted gases are recycled through comps ) a GR } 


Chapter 14 {Alcchols, Phenols And Eth 


ae SS ters) Dos 
——— Serene } = ars ‘ 
a gcholar’s CHEMISTRY — Xil (Subjective) oa 
— ESS = : = = : CA 
7 oe 5 . i rf. iation R d R R oR 
1s prepared on ‘industrial scale world over, by the process of fermentation. | | | Saar eaMeNig ee THOUGHTS 
Henn Ott agh at te Robes Palak CC) Paine Ce) 
5 4, = _ m me E iter “ * } eee Qa ——H--O0-—=H " — pers} Sr 
It is a biochemical process which occurs in ‘the presence of certain enzymes secreted: by microorganisms’such as | chon | -ore | eso 
yeast. Hydrogen. bending in'aleonol CH 
Necessary conditions: a ~ © Required temperature om rt CHCHCHOH] 1265 
: 4 ; : ret = Wee 2S | i173 | 13 
(i) Optimum temperature for fermentation is 25-35°C. - Ws27¢ 4 \a_ al eae ee 
a) Proper zeration - * © Fermentation cn ’ _CH(CH,)OH 
; . : , 
(iii) Dilution of solution ~4' ' oes 2 mee days Hyd bonding: >." Mca” 
iv) ° P eae ant : oltis an exot yaregen bonding between waténand : a g 
(iv) “Absence of any preservative ee ermic | ice andietectoces a steies aleohol ee whitch camangy the daiowing 
Raw Material = (iii) Me ting:al ei ik 4 ni ., 18 ig points of alcotio Sate > ‘compounds has:greater boiling 
In Pakistan ethanoliis prepared by the fermentation of molasses, starch grains or fruit juices, higher than corresponding alkanes. Methy alcohol and cthy} alcohol are pointithan alcohols? 
= P Y Soe Sul! . liquids while methane and ethane are gases, This is/also due to hydrogen a) Alkanes 6) Aldehydes 
lolasses| 


bonding which is.present in alcohols but absent in alkanes, 


The residue obtained after. the crystallization of sugar from concentrated sugarcane :juice is called molasses, 
I 


c) Ethers d)Xetones ' 


tundergoes fermentation inithe presence of enzymes present in yeast to give cthanal. ICR CB ECR : 


; ___Invertase + CH, —— : . = . : = 
CiHsOn EO Aaa s CHO. Cath .0. aat__ (I) Why athyl alcohol is a liquid while mathy! chloride Is a gas? (Rwp 09), 


€.H,0, > 2C;H,OH + 2€0,. 


cast 
Glucose 


Ansi&thvilAlcohollisit|muldibutiMethylchlorldesa Gag) 


N Nof Theyphysical state of a substance. depends upon the strength of intermolecular. forces. Inv liquid state attractive 
foices are sironger-than.in gaseous state, - ‘ ome CH; 


aes Smee Ethyialcohol — a Liquid: ; ps LN 
2(C,H,00;), + nH,Q --Eey n€,,H,.0,, ; i u In C2HsOH (ethylalcohol), strong hydrogen bonding is:present due to which it exists CH, He EN : 
Starch Malo: ss as liquid. Moreover, it has high polarizability. due to which ithas strong-van der i 
3 , €,,0;,0,, + HO ey 2€,H),0, : Waals forces. : Hydrogen bonding In ethanol 
: Glucose o -* Dawe rv a4, 
. ; Methylchlovide — a‘Gas: : ( H — 
€,H},0; —bomase_, 2€,H,OH + 2€0 - : : Wess polarizability and weaker attractive forces (dipole-dipole forces) are the “ s ie di ae 4 SS é= a 
Ghuchss = a ; SS main reasons for. gaseous state of methylchloride (CH\Cl). aed Ed 
: = = = = 2 Sim ; ; Di n CH,CI 
Q. Why absolute ‘alcohol cannotibe prepared by fermentation process? -(LHR‘o9); SIR C83 FOR Bipais Dipole ores in Cts) 
Q. Only-14% alcohol canibe prepared by fermentation process. Why? : 2 


= : —— Ne ieher boiling point: Jiethyl ether. Why? 
Alcohol obtained by fermentation is only upto 12% and never exceeds 14% because beyond this limit enzymes Q1t (il) Gthanol has higher boiling point'than diethyl ether, 


Boilie Cambor ethanol than Detnylethe | Pee 
Tae ee upon'the strength of intermolecular forces present‘in‘it. The intermolecular 


i shi higher. boiling, point:(778.5°C). : 
: - F hydrogen bonding duc to which cthanol has hig t boi pc SEAS Bae 
See inniealk London dispersion forces duc to which its boiling.point is:lower (34.6°C) than 


become inactive. This alcoliolis distilled againiand again:to obtain:95% alcohol which is called rectified'spirit. 


Absolute alcohol can also be obtained by re-distillation of rectified spirit in the presence of Ca «which absorbs its 
moisture. . : 


Pore Rees 


nsHHigtier: 


é = : . ; that of:ethanol. = - = = = 
H is. don " ition, oy. f eye * as F ii = —— — 5 = j : SE sur pies 
e Sometimes ethanol is Genatured by addition of 10% methanol to avoid ‘its use for drinking purposes) Such alcohol is Qt (v) Water has highest boiling. point than ethanol: = — oa 
calledimethylated spirit. ; ite: ste = —>S ; n strength of intermolecular forces. Stronger the intermolecular forces 
° A-small quantity of pyridine or acetone may also'be added for this purpose. _ Ans. Boiling point of a liquid depends upon strength of int ie 


= Se A eee higher-is the boiling point and.vice versa. . | 


H H | 
Se 7 
= Ok 
Wf Mi: 7 ys 
————— a é y : 5 : : - ra Sr \p ts 
(i) Physical state: Lower alcohols are generally colourless (oxic liquids with characteristics swect smell and burning S On 3 CH, fi ENG 
taste. ; rfeiw WZ ENG \if | 
(ii) Solubility: They are readily soluble in water. but solubility decreases in‘higher alcohols. The solubility ofalcohols is H pl reraratet Hydrogen bonding in ethanol 
due to'hydrogen'bonding-which is more Prominent in lower alcoliéls but less. prominent in higher alcohols Hydrogen bonding in 


250 Chapter 14 (Alcohols, Phenols And Ethers), 


¢ while cthanol-can form: only one hydrogen bondi per 


Since water can form two hydrogen bonds per molccul : } 7 
an in alcohol. That’s why H,0 has higher boiling, poing: 


molecule, therefore the extent of H-bonding in water is more th 
(100°C) than boiling point ofiethanol (738.5°C). 


rae Tapio 
@actionsiof/Alcohols 


—_— 


‘© If a nucleophile attacks on-an:alcohol, it is the C—O 
bond which breaks. As a result a carbocation is 
formed, 


If an electophile attacks on an alcohol, it is the O— 
bond«which breaks. 
6- 5+ 
GH, —CH;-O-H 


£ il . = | 
Sectpre > CH;- CH;=6+ Ht} 


Se = { i 
CH, —CHOH Nucleophile 
Order. of reactivity 
Tertiary 

alcohol: 


GH—CH,; + OH. 


| Order ofreactivity 
Secondary > 
alcohol J 
Reactions : : 


CHOH > Primary, ° ‘Secondary 
C,H,OH +SOCI, 2, C,H,Cl+SO, +HC! 


N Tertiary, 
alcohol, 


Primary 
_alcohol 


_ alcohol alcohol 
| Reactions: - 


2C,H,OH +2Na——>2C;H,.ONa’ +H). 


Ethanol Thionyl chloride Ethyl chloride 1. Sodiatacthoxide 
2, C,H,OH+HCI—““>¢,H,Cl+H,0 <a i 
|3,  C,H,OH+HNH, —™ > ¢,H,NH, +H,0 21 ACOH ACH Mea OEM 
c Ethyl amine i ao . OC;3H; 
{ _ SO, p 
3. -G;H,OH + CH; COOH’ === = .CH\COOG:H, + HiO 
: Ethyl acetate 


Order-of Stability,of Carbocations'is Order. of Stability of Alkoxide.ions is 


(} 


Gi = (GH = qa ac cH, || 

ploy O iC? S%e sO SN GH. —-HEG-G SS ue oS oto nell 

He=@ ») He > CH,=H,6° S°CH, cH-6') cH,-H.e-6 > He & Hie G C. 
GH; CH; : CH, . GH, 


Ter: carbocation. Sec. carbocation «Pri. carbocation { Methyl carbocation 


Methoxide fon Pri. Alkoxide ion Sec. Alkoxide lon ~ TerAlkoxide ton! 


Oxidation .of alcohols convert them ‘into aldehydes and ‘ketones. The ‘best reagent for this purpose is acid: 
_ dichromate. ee ae ; ¢ 
e Primary-alcohols oxidize'to:aldehydes. 


CH;- CHiOH+ (0) 222, cH, - cHOmHio 


: “H3SO, Etnanat (acetaldehyde) 
e Sccondary alcohols oxidize'to!ketones. - : 
& ~ : CH; . 
Soi - KGnO; 
CH=OH'+.(O] —=—= ces i 
Z Sri) Ne 
CH; : CH, 


2-Propanol 


polar’s CHEMISTRY <= Xi (Subjective): - 


‘Tertiary aicohols are resistant.to oxidation, In\the 


E fe sea Presence of acid dichromate they undergo elimination’ reaction to 
CH, | 
GH — c —= 0} KEr,9, 7 >. : 
3 iy NTiso,” C= €—CH, + H,o 
CH, | ; | 
2-mothy!-2-Propanol ~_ 


Qi {iv} Ethanol gives different-products with conc. H 


350, under different:cenditions. 
(ii) Dehydration : 
Alcohols-react with con. H)SQ, andigive different: products at different:temperatures. 


Conc. 380, ; 
CjH;OH)——— > 250% CH) = CH; #H,0 


ae || Breakage of C~0.&C=H bond 
Ethanol Ethene ‘ 
Gonc. 11;50 . | paar ‘ 
26;H;0H fre “+ G;H;OC,H; + HO Breakage of C-0.& 0-H bond 
Ethanol i at 


Diethyl cther 
(iii) Reactions with Phosphorus Halides (PCI, PCI.) 

: .3C,H,OH + PCl, —» 3C,H\Gl + H,PO, 
C,H,OH + PCl, —> C,H\Cl + POCI, + HCI 


Q4 _ How.will you distinguish between primary, secondary and tertlary.alcohols? 


[aes 


Primary, secondary and tertiary alcohols are identificd and distinguished by. reacting them with conc. HCH in 
anhydrous ZnGl,. This is calledias' Lucas test. In\Lucas test alcohols convertiinto corresponding alkylihalides. 


(i) Primary Alcohols: : ees 
: Pres pee fe ‘eating: ‘Lucas Reagent 
Primary alcohol forms an oily layer-with ZnGl/HEl on ‘eating: A ate: a ae era 
; Zn€l, near rd and. anhydrous ZnCl,. is 
<4 HG eet ysR— CH; = G1-5H;0 533 and. anhydrous ZnCl; 
RCH, —OH+HCI= => R: CHR Cae "es called. Lucas Reagent: - 


(Primary.alcohol) (Primary alkyl chloride) 
-(li) ~Secondary Alcohols: 


“Secondary alcohiols form an oily layer'in five to ten minutes. 


R—CH—OH+ HCl > R—CH—Cl+ 10 
} =. §=10. min * | . 


; -R : 
Sec tary alcohol) “(Secondary alkyl chloride) 
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(iii) Tertiary alcohols: 


Tertiary alcohols form oily layer immediately. 
R tr ae R 
eer | 


ZnCl , 
R=—C—OH+HC! ——5 R—C—Cl+H,O 


| F : Immediately.” | 


catechol resorcinol hydroguinono 


R = iR ‘ 
(Tertiary alcohol) se, (Tertiary alkyl-chloridc) 
FICREBINCR 


aio ‘How will you distinguish between: . (Iii) Methanol and ethanol 


0 -crasol m - crasol - p-cresol 


x 


4. From Chlorobenzene (Dow's Method) 
In this method chlorobenzene is treated with 10% 


phenoxide is sige. which on ms with HCl p ives ahiendl: NaOH at 360°C and 150 atmospheres pressure. Sovium 
ims st =i) Methanollandiethanol: : on + 
. “Methanol and ethanol can'be' distinguished! by ivdofor Ny itest. er ( Or 
aes is han {feestscabeed cebeeies| |e lEthanolitecennntes 2 NaQH, 360°¢ =) Hel Tae 
reset =: : ae i 5 E e : eet Se el a = pad ac 
O° Methanol does not:give radarormit test Ethanol gives iodoform:test ABO atm 
: In iodoform test, cthanol reacts with joding in the presence of; | EE eee 


CH;-OH+l+NaOH ——> No yellow ppt 2. From sodium salt of benzene sulphonic‘acid 


Sodium salt of benzene sulphonic acid reacts 
with HCl gives phenol. 


iodofon oO 2NaOH —220°C 


NaQHiand gives.yellow.colouredicrystals of iodoform. 


GH;-CH;-OH+41;+-6NaOH ——» CHI;+HCOONa+5Nal+5] 40° with NaOHiat 320°C to)give sodium phenoxide which:on treament 


‘e Those alcohols which have-at'least one methyl group (—'CH)) attached: 1o w carbon give positive iodoform' test. 
o Among primary: -alcohols; only: ethanol gives ‘positive iodoform. 


Methanol — 
_Methanoliis:used: ; : 
° _as.a‘solvent:for fats, oils, paints and:varnishes. 
° as‘antifreeze in the radiators of automobiles - 
ia /for, denaturing:of alcohol:- : —— 
Ethanol 
Bthanolii ‘is:used 
e as aisolvent, as:a drik-and'as a: flelinsome countries. ; al isa colourless, crystalline, deliquescent soli 
©: in pharmaceutical preparations: Serb, thas characteristic phenolic odour. 
© as a,preservative for biological:specimen. ASE. SHG I's melting point is 41°C. and boiling point is 182°C. 
ts : tis sparingly soluble in.water forming pink solution at room temperature but completely, soluble above 68.5°C, 
Itis poisonous.and used as a disinfectant in hospitals and washrooms. 


mula: Say, 


i ae = ARDERSTCE ~ =] 


EsHaletorms = ke 


Hat 


idiciBehaviourof Ph Phenol 
hee ~AsanAcid ~ 22 ss 


“Aromatic: compounds which contain.one om more OH. groups 


: Z * Phenol i Is but] id than carbox ie acids. 
directl is much more acidic than water and alcohols but less acidic y! 
aieethy attached with ‘carbon of benzene Ting are called su : "Relative acidic strength of alcohol, phenol, water and carboxylic acid isas follows. 
° The simplest example is phenol whichis also known as'Carbolic’acid'i.e. €.H.OH: vetey f ‘ . Carboxylic acid > phenol > water 7 alcohol 


It dissoives readily in alkalies but it is too weak to affect the litmus paper or to evolve CO; 
fom carbonates. 


ts dissociation constant (K,).is | 3x10. gs 2 d5or6 
henol is Partially soluble in water and its solution has a: pH ofarouna> or 6. 


° It:was first obtained from coalitar. by Runge in ‘1834. 


ne 
- = a A A TRAE OS 
A AS 


Reason of acidic behaviour Yas en : 

The reason why phenol is acidic lies in the nature of the phenoxide ton. The negative charge On-Oxygen atom can 
become involved with the x- electron cloud on-the benzene ring. The negative charge is thus delocalized in the ting 
the phenoxide ion becomes relatively stable. This type of delocalization is not possible with alcohols, This makes Pheng| 
different‘from aliphatic alcoltols. 


Phenoi shows two types of reactions. Sulphuric avid 


‘(a). —_—- Reactions due to— OH group 
(()) Reactions due to benzene ring 
Reactivity towards nucleophile = - Pe : 

Phenols are Jess reactive to nucleophiles so nucleophilic attack: is less. favoured;, 
i.e, -- OHis not-casy ioireplace. : 


Acche acid 
Plienol, 
Water 


. While elvctrophiilic attack.o 
PNP ay one EYP PECL, 
a) _iReactionsiofizhenolse 
(i) Salt Formation : 
Phenol reacts with alkalies to form salts, c.g; 
— fF 
OH . ONa . 
ee) © + NaOH > +H,0 
O : 
‘ gy 16 : Sedium phenoxide 
. (ii) ~~ Ester Formation. 
Phenol-reacts, with acetyl:chloride in'the presence ofia'base-to form ester. 
. ~ . i 
OH * @—C CEH, » 
©; eH, = C= c) OX, Cc +HCl 
= Phenyl.acetate 
Reduction with Zn 


(iii) ao ~ 
; _ OH - - 
[ heat ; 
© +Zn ———> + ZnO 
Phenol : : Benzene 
SS 
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polar’s CHEMISTRY — XII (Subjective) 


1) Reactions of PhenoliDue toBenzene Ring 
(i) Nitration ; cay 6 
“Phenol reacts with dil. and conc, F , 
OH 7 HNOs at different temperatures as follows, 
. OH OH 
: 2 +2HONO, —25°C =NO: “2 
© a TS + +2H,0 
P a 
henol o:Nitrophenol 
‘ NO, 
y : p-Nitrophenol 
OH , : 
‘J +3HONO, —heat_, N° 
2,4, 6 -'Trinitrophenol 
; (Pleric:acid) 
(il) | Sulphonation é ‘ 
Phenol reacts with conc. H;SQ, at room temperature giving ortho and para hydroxy, benezene sulphonic acids. 
OH OH: OH 
2 A oO) | 
‘ +2H,S0, —————> | © 
"4 o-Hydroxy, benzono 
sulphonic acid ; SO;H 
._p-Hydroxy/bonzeno 
.< sulphonic acld 
(Iii) Halogenation - f 
-An aqueous solution of;phenol reacts with bromine water to, ae white ppt. of 2; 4, 6-Tribromophenol: 
2; 4; 6 - Tribromophenol 
(i) Hydrogenation 


: Ce 7 eNom: ‘ofiNi‘ it: it Joh 1. 
Whenihydrogen is passed through Phenot a 150?C:1n the, presence ofi Bic catalyst, it gives.cyclohexano 


; Ni 
—$—$\—_—_> 
© + 3H: Tse 


Gyclohexanol © 


ar’s CHEMISTRY — xqy, (Su 
ee 


bjective) 
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Reaction with Formaldehyde i et Reet 
Phenol reacts with formaidehyde (methanal) in the presence Se re to give hydroxy benzyl alcoho 
| aa coe sty | moiecules yield a polymer called bakelile, 

Which:on further reaction wilh, otlier pheno} moiecules y are aa 


; + base CH,;OH 
of © | + 2FICHO dil. base @ 2 O 
ea ay 
o - Hydroxybenzy! alcohol CH;OH: 


p- Hydroxybenzyl alcohol 


OH OH OH 


Pe ee 
O} : nHo, | — CH," CH, fl SRC= 
n | +nHCHO — > & | Z 
a 7 
CH; CH, 
= call Te ion - 
. OH OH 
(Bakelite) <n 
RL OTE Eee rl NOME MB PD sac ao aes eto OTN eee 
3 = hiocaa e PME RSS eae oat 


Ethers are classified into two categories: f 

(()) Simple or symmetrical:ethers,(R — © —/R) which containitwo same alkyl!or arylior phenyl groups.e:g. dimethyl 
ether (CH;OCHs3) and diethylether (CH; —'CH3-— O — CH; —CHs). ; : 

a (1)) Mixed or unsymmetrical ethers; (R - © —R’).which contain different alkyl or aryl or phenyl groups,,c.g,, ethyl 


In IUPAC sysiemithe. targe’alkyl!(R)igroup'is takent'as parent‘moleculs and given the lastname: (suffix) while the 
. smaller-alkyl group:along with oxygen is used)as prefix and given the name alkoxy (e.g: methoxy, ethoxy, propoxy, ¢t0)- 
IUPAC ‘names:are not:common.as they are. difficult. 
GommoniNames 
‘Usually. ethers are known by their‘common names, as given'below; 
See SEES ae 


3 = a c = Fe: 
<> F SH Sa ani r to extent 
ie hoy mula see eee ON hon Natnesnaes 


Dimethyl ether _ 


Meth }.cthylether ; 


ele IUPAC 
_Methoxy methane 
Methoxy ethane ] 
|"Bilioxy.ethane —__| 
| Ethoxy.n — propane | 
‘|. Methoxy,benzene__|]. 


CHOCiHs 


Préparation‘orethers) . pte 
Ethers are prepared from alcohols eitlier direétly or indirectly, Usually they are obtained by the followin’ 
methods. / 
()ZByWilliamsons:synthiesis 
Alcohols-are reacted with metallic:sodium to formialkoxides, T 
reacts with alkyl/halide.to producean ether. 


ays ‘readil 
his alkoxide ion is:a strong:nucleophile and readily 


here) | 


sctiol 
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MCQ's 

-The product formed 
when an alkyl halide fs 
treated with molst Ag,O 
(a) Alcohol 

(b): Carboxylic acid 

(c) Ether - 

(d) ‘Alkane 


” Usually ethers are volatile liquids, highlyinflammable wj 

: . A. Pe 

» They are slightly soluble-in.water but freely soliible ae pees 

, Ether molecules do not show hydrogen bonding, i TEE 
molecules due:to which they are slightlyisoluble i 


Ethers are comparatively inert! : : ; 
rave novaction on ea in i Baas The reagents like aminonia, alkalies, dilute acids'andimetallic sodium; 
reactions, Cif | 9 hey ar ‘Not oxidized or ‘reduced easily. ‘However, ethers show some 
() With hydrogen Yodide ethers give alcohols whigh can react further to give alliyliiodides 
C3H,-OG3H, *FHI ——_> C,H— OCH, i - S 


Oxonium ion 


C,H . C,H; + +———» 63H,0H+ G:HiI 


= 


(i) _ Ethers also react-with hot:phosphorus pentachloride to give alkyl/chloride. 
CH; —O— GH; +PC)————» 26H; + POCI, 


1. Alcohols:and'Phenols are’ hydroxyl derivatives of aliphatic and .aromatic!hydrocarbons. 
2 General formula for.a alcohol\is‘ROH, for Phenol'Ph OH; and!forether’itiis ROR. 
; Alcohols are usually named'by replacing ‘e” for. the alkane with“‘ol’. 
'  In\Pakistan ethanols‘is)prepared commercially from:molasses. ° 
; Fermentationiis:a’ biochemicaliphenomenon\which:may,occur: naturally, or/artificially. 
Ethyl‘alcohol obtained by. fermentation is less than'12% concentrated. © - 
nt Ethyl/alcohol gives different: products.when reacts with H,SO, of different concentrations. 
iG Ethyl.alcohol is usedias:a solvent; as'aibeverage and as:a‘fuel. 
i Primary; secondary. and tertiary alcohols can be distinguished by Lucas test. 
-" _ Ficric acid is a:phenol which\behaves like:an‘acid. ies : 
ae SOLVED OBJECTIVEEXERCISE ti 
* “Filliin theblanks. Hie tL : 
0) Primary, secondary/and tertiary. alcohiols can be.identified by _.__test.. 
i Oxidation of __aleoholsgiveketones. 
Ml) “Alcohols ontheating with give alkenes at hign temp’ By Enea 
(iv) Aleoticlsihave. 6 boiling points than‘ethers.due to stronger: hydrogen’ bonding. 
a Williamsons synthesis is used to, prepare __- a 
1 


—__ is:also called wood spirit. 
Carbolic acidiis the other name of ___- 


(vii) 


258 


Q2. 


Answer'Key. 


Primary, secondary and tertiary alcohols can\be prepared! by reacting Grignard reagent'with 
Alcolfols:and ____ react:to. produce esters. : 


is used'as: 1s.anti= freezing agentiin automobile radiator. ; aot 
ith\the help ofimicro — organisms}is:called 


The orocess ofconversion of starch into alcohol'wi 
alcohols. 


Ketones on reduction: igive 


a eee $+ 
ra esses 


Indicate True or false. 


(i) Methylated‘spirit‘contains’ 95% methyl!alcoholand'5% ethyl!alcohol. 
(ii) Ethyl 'alcohol!isia.very.good'anti-freezing agent. 

(iii) | ‘Methanoliis:also called:wood'spirit. 

(iv) Only 14% ethyl'alcohol'can'be,prepared'by- fermentation: 
(v) Ethers do)not:show hydrogen|bonding. : 

(vi) Alcohols.are more:acidic then \phenols. 

(vii) Phenoliis:more soluble in\water-than'lower:alcohols. 

(viii), Alcohols:are more'basic'than ethers. 

(ix) Ethers'have’higher. boiling, pointthan alcohols.andi phenols. 
(x) Methanoliand' ethanol{can\be! distinguished'by: ‘iodoform) test. 
Answer. Key. _ 


ea [ae [toe Pe 


OMT 


Fu Fase [pL Fate [iy [False [-Gi) [False 1 


Multiple:Choice Questions:\Encirele the correct:answer. 


(i) 


Gi) 


(iii) 
(iv) 
(wy 
(vi). 
(vii) 


(viii) 


(ix) 


(x) 


’ According to'Lewis' conceptiethersibehave.as. 


Whichicompound'shows'hydrogenibonding. mS 
(c)\CH;-O-CH; 


(a)\CjH¢ (b)\C;H5Gl (d):€;Hs;OH 
Which compound'show maximumihydrogen|bonding with water? 

: (a), CH30H . .(b);C;H30H (c)'\CH3-O-CH3° (d)'GgH;OH 
-Which\compoundlis:more'solubleinwater. — 
(a)'€;HsOH ‘(b)'CsH3OH: (c):\CH;COCH; (d):n-‘Hexanol 
Which compound\will/have the maximum repulsion with'H;0? ; 
(a):\CHe. - (b),€:H;OH (} CHiCH;CHiOH (d):CH;— 0 —'CH3 


Fikanol:...n/be converted 'into ethanoic acid'by 
(2) \iydrogenation . —(b)/Hydration (c)\Oxidation 
Whichienzymeiis not'involved'in fermentation ofstarch? 


(d)'Fermentation 


(a)'Diastase (b)'Zymase (c)\Wrease mG) \lnvertase 
Which compoundiis called‘aiuniversal solvent? 
(a)!H20 (b).CH;OH _ (c)i\C;H3OH 


(é | (d). CHj—O—CH; 
‘Methylialcokol'is not:used: 5 
(a),as:a'solvent: 

(c)/asia'substitute for/petrol: 

Rectified ‘spirit:contains;alcohol/about' 
(a)!80%- (b):85% 


(b)/as/an‘anti- freezing agent 
(d):fordenaturing of‘ethyl:alcohol 


(c)90% (d)95% 


(a)/Acid _ (b)'Base ‘(c) Acid/as.well'as base (:)) None ofithem 


i 
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Rare 
(Ee SATE pate 

Sone es -] besatae- oe 
Sis a =e iam ee PO Wipes tee 


LN¢ ; af 
& Ni 
gen bonding in ethanol 


Vi 
| As the length of carb ini ee - 
“with oe, SS on chain increases the hydrogen bounding of alcohol 


: [Das to hydrogen’ ‘bonding with H3O iit is soluble in water. 
Image Stricture i. 


B 
wat is non:polar. while1H; js, ;polar so.@.H; (benzene) is insoluble in 


CH,0H+ [0] 
|, (Ethanol) 
2(C,H,,0,), +nH,0 “* 5 nC, H,,0,, 
C,H2,0,, +H,0 shiest 2, H),0; 

|, €,H,,.0, = >2€,H;0H + 2€0, 


KiC1,0,_ 


Sc cH,cHo_DL;eH,coon 


(Ethanoicacid) 


(i (c) Urcase 


Water: dissolve es almost:all’compounds except'some organic compounds so it 


(vil). |\@)L,0 
Lis a universal'solvent. 
'Itiis- used as solventia as an antifreezing agentiand/also for: dgnaturating(ot of 


|(c) Asa substitute for petrol if 
_.Jiethylalcohol, 


—t (d)}95% | Rectifie ed spiritis an secon anon Ere 


‘Ether can give: lone. 


-Q10. -How-will you:distinguish between: 
(l) An:alcoho! andiaipheno! 

(iii) Methanol:and\ethanol 

(v)_ 4-Propanol and /2-Propano! : met 
ord (i) AnialconGlandlayp i 


(Ii) An‘alcohol'and’an ether. 
(iv)/A\tertiary alcoholiand a|primary-alcohol 


ey ee ee ee 


1 Phenol aS iaive aay layer, sr whien react with! HC) 
in the presence of'anhydrous ZnGl2...Itimeansiit 
does not:give iodoform ‘test. 


CiHIOH + + Hel SP No reaction 


Ste 


iIt gives positive iodoform test. i.e. vont eating with conc. 
'HCliin the presence of. anhydrous ZnCl}, an‘alcohols 
‘forms oily layer. 


‘heat 


RCH) ~ OH + HCI» R= CH;,- C1+H:0 


a 


Ans: 


cone. HGliin the presence of-anhydrous:ZnCly, an 


R-CH;— OH + HC]—2%_, R- CH)— Cl+H30 


"| Methanol does .not give iodoformtest ~ 
CH;-OH+I,+NaOH ——> No yellow ppt 


(Ww)iAltertianyandialprimaryalconio) 


Tertiary alcohols when react with conc. HCl. 


oily'layer. immediately 


HGI in the presence of anhydrous ZnCl; only on 
heating. 
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| anhydrous ZnCl;. It means it does not Bivel 


iodoform test. = 
R-O-R+HCGI—2-»No Reaction »° 


Icohols forms oily:layer. 


heat 


(ii Methanollandlethan) 


| Ethanol givesiiodoform test 
In iodoform test, ethanol reacts with iodine in the Presence of; 


Na@Hiandigives yellow.coloured crystals of iodoform. 


SE ene fs Vn a nee 
“{Primany/alconol isassens 55 8 = 
‘Primary alcoho! when reacts with conc. HCl in the 
presence of anhydrous ZnCh, it gives oily layer on 
heating 


in the presence of anhydrous ZnCl, it gives 


R-- CH,- OH + HCl", R-CH,— Cl + E50 


ZnCl, (REC 7 
eunIy > (R)3ECl + H2O 


heat 


(R)}COH +HCI= 


eee 


'2-Propanol gives oily layer within 5-10 minutes. Wheniiti 
reacts.with'Gone. HCl\inithe presence ofianhydrops ZnCh. 


CH;CHiCH;OH + HC] 22, CH:CH;CHiC! +440 oH CH3 
CH;-CH -OH+HCl=—" "> CHyS1GH - C1+H,0 


Q12, 


(v) Acetonejintojethylialcohol 


ii) (Methanollinto:ethano/ i 


Ans. 


Sten is 


How. willyouiconvert? 
(i) Methanollinto ethanol 
(iii) Ethanoljinto|isopropyl:alcohol 


(ii), Ethanoliinto)methanol 
(iv) Formaldehyde into .ethylalcoho! 


We can'convert:methanol into etlianol|by following;steps. 
Methanolireacts\with|thionyl{chloride inthe presence of:pyridine to\give'methyl/chloride. 


CH\OH + SOC, =", CH, 'C1-+ HCI SO; 


2: Methyl chloride‘reacts with'sodiumiin\the presence Ofiether, : , 


CH3Cl+ 2Na+ CHC] > CH; = CH; + 2NaCl : 


:'Ethene:reacts,withi@], Injthe presence-of-sunlightito give ethylichloride. 


a . h . 
CH; -'CH; + Ch —*~ CH; — GH, - @)+ HCI » * 


: Ethylichloride reacts:with:aqueous'KOHito give ethanol. 
CH3 — CH + Cl KOH (ay —=> CH} — CH) — OHi+ KEI 


| CH;-CH,-OH+41,+6NaOH —-> CHIs+HCOONa+SNal+5H;9 | 


Bipropencl(SecondanyAlestol) | 


soholar’s CHEMISTRY — X11 (Subjective BE 


ie. K2€r,0; & H;SO)j, 


dizin age ye 7 : : 
; ing agents ie K2Er,.0,, &'H}SO,, converts it into acetic acid. 


“TW. GL K, 0; 

Gh CSA) ay dO 
Step 3: - 
Acetic acid reacts with NaOH 


to: S( i 
a f0:form:sod: Salt Ofiacetic acid, 


0) : 


I 
_ OH; - C—O Nai NaH —S0_, Gy, +Na;CO 
Step 4:/Halogenation of methane gives methy!'chi i 
CHyt Ch —> CHC! + HCl 
Step 5: Methyl chloride reacts.with aqueous'KOH 'to give methanol: 
CHCl + KOH Ane, CH; ~OH+KG| - 


Oride in the presence: ofisunlight: 


Ans (ii) Ethanoliintollsopropylalconal] 
Weican convert ethanoliinto isopro y followings 
p : anolinto ropylialcoho} by/following:steps. 
. Step/1:/Ethanoliundergo oxidationiin the Presence of'KGr,0, BESO. toitaraa acetaldehyde 
. = 0 i 
My. 7 f ' K3Cr,0 I , 
CH;.— CH; — OH + [O] 70; > CHj- C= H+H3O 


Step:2:/Reaction with Grignard!Reagent, 
. 5 + H \ } 
fe og NY 
CH, -Mg-Br+ ‘c= o Stet, eS y.cibis 
§ ; ' Hew OV wee x 
ep3:\Prodict of: previous: reaction reacts with water:in the presence oftH* and‘undergoes:hydrolysis 
: OH. Ef E 
4 


HC — 6 - OMg8r+H* oH HL. H.¢-cH-onimg 
- ah 

H,€ : CH, _ Br 

: Isopropyl alcohol 


Wizormaldéhydelintorethylalcohol la 
Sip pon convert formaldehyle:into ethylalcohol by’ following:steps. 
‘pl; ormaldehyde reacts with Grignard reagent:in the presence ofiether:to. give product. 


GH, - Mg -.BF SG Ether. = 6 - OMgBr 
HO HE 


Step 2. c hoe 
: Product Ofiprevious:reaction reacts with water-in:the presence of'H" to give ‘alcohol. 


H —C- OMaBr+ H + iy dls H.C - CH,- OH + Mg 


H.C 


Ethyl alcohol 


(w)lacetoneinitolem SIERRVlsIconol: 
We can'convert-acetone into ethyl alcohol by following steps. 

Step 1: Acetone is oxidized in the presence of oxidizing agent to acetic acid. 
(0) 


Ans. 


Qi9. (a) Name: the following compounds, 
() CH3- CH2— CH>-0-GH) i 
(ii) (CHs)2 CH-O-CH(CHy, », (ll) Cats ~ OGsHs 
(V) CH» GH,~ CH Oncy, cy 0°) SH“ O- Git 

Ans, Name the following, 

(i) CH; - CH, - CH) =O.=}CH; 

Common|Name: Methyl=n-—propy! ether 

JUPAG Name: Methoxy peopane 


I ] 
Gi, , CHj- € - OH+ H-C - OH 


lt 
CH; — © — CH3 + 3{0) 
Step 2:' Carboxylic acid:on: reaction we aliikivea alaminamihydride (LIATH4) are reducedito alcohol. 
: 0 


\| 
CH; - € - OH+ ae Lalli, GH;— CH)- OH + H,0 


GICRE OCR 


@a18. (a) Write: IUPAC names ofthe’ following compounds 


‘(ii) CH; —O = CH; 
Common \Name: Diphenyl ether. 
|| TUPAC Name: Eienowy benzene 


(i) (GHs)2CH - OH (ii) (CHs)2CH - CH2- OH (ii) CH) CH ~ ©~ GHe= cH, i. 
(ii)  (CH3)sCOH° (iv) GiHs--CH -OH © oli ar \(iv). CH}- O- GH; 
| ; Wa IN 3 'Common!Name:'Methyl-n-phenyleth 
CH3 Common Name: Di-iso-propy] ether. TUPAC Name: Meth phenyle ier 
; IUPAC Name: 2-Propoxy-2-Propane acl acti oxy benzene 


“Ans. a) IUPAC names.of: following;compounds. - 
(vy) CH; — GH, — CH, = O— — CH;—CH; 


Ones CH; Kc) CH; 
| ; : Common Name: Ethyl=n=propyl ether 
- Hj —CH— OH , : Hi¢ — CH — CH; — OH ‘[WWEAC'Name:_ Ethoxy propane 
_ 2Propanol Me 2:Methyl-1-propanol : ———— 
Gil) CH; | (iv) GH;—-CGH,—GH —OH Q49. “ (b —— 
| a All & it su structural formulas of the folowing Sap 
HC —C— OH sHy oxy ethane, ethoxy.benzene,'soldum ethoxid 
aa < al sodium phenoxid 
2:Butanol _ Ans iSiaiciinal fonaaiae me le, propoxy; propane: 
CH3 ()Methoxy ethane 


CH; - CH, - ©- CH; 


@:18° (b) ne compounds. 
_ Glycol, Glycerol, Garbolic:Acid, Acetophenone, Picric Acid 


(i) Sodium ethoxide iF 
CH; ~ CH; — O7Na* 


Ans.b) Structural formulas: Gu) Sodium phenoxide:= 
(i) Glycol: O\Na’ 

s CH} “SE ‘ Ki 
____‘oH_ OH 
(iii) (Carbolic iFeial(EHend}): 


(i Glycerol ene 
GH, - CH=CH = 


' @H OH OH 
Pieric Acid !(2,4\6-Trinitrophenol): 
OH : 


Vi@v W Pr 
( ) Gee Peopane ~* 


=.CH; =~ CH; —O= CHa. = CH; --Cl -CHy 
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Distinguish methyl alcohol from athyl alcohol by means of single chemical test. 

How phenol reacts with: .(a) H,SO, ‘(b) N2oR 
Why primary alcohols Especially methanol is more. reactive than other alcohols when an electrophite 
attacks oniit? . 

Whatido:you meaniby the term denaturing of alcohols? 

Why phenol is acidic, but alcohol is not? 

Whatis:rectified'spirit and absolute alcohol? 

Write equations for preparation of Ethanol from molasses by fermentation. 

‘Ethanol has higher boiling:point:than diethyl ether. Why?. 

_ Prepare Phenoliby 

(a) Dow's method (b):;From sodium salt of'benzene sulphonic Acid’ 

The:solubility of alcohols.decreases with increasing molecular masses. 

How Bakelite is, prepared from phenol? 

‘Prepare ethers by Williamson's synthesis. . 

Give four uses of phenol. 

Whatis the difference between rectified 'spirit-and absolute alcohol? 

Whatiis fermentation? Give necessary conditions for fermentation. - 

Only 14%. alcoholicanibe. prepared by.fermentation process, why? 
yi Convert: benzene into'phenol. - 

' ‘What are symmetrical andiunsymmetrical ethers? Give one example:each? 
Ethanol gives different products\with:conc. H,S@, under different conditions. 
How’the resonance structures of phenoxide ion: make phenoliacidic? 
Give'thelisomers of C,H,Q:andwrite:their IUPAC names: 

Give structural formulas of: ° (a) Carbolic acid (b): \Picric acid 
Whatiis the action ofiphenol with: following? 

(a).Zn (b):Bromine.water 

Whatiis' Lucas Test? Giveiits\uses. 

What is the réaction of Bromineiwater with phenol? 
Justify.ethyl‘alcohol is ailiquidiwhile methyl’ ichioridejis aigas? 


G 
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Introduction 
Organic compounds containi 
carbonyl. group, a carbon atom is bonde group, Yes 10) 
La a lias . 7a Z are called carbony! compounds. ff a 
alsetles 


In aldehydes, the | 
carbonyl group i is'bondedito atleast one hyd 
Hs TOgcniatom, and's 


An aldehyde ’can be te. 0 it oceurs at the:end of a chain, 


r 
Examples p eset by the: general: ‘formula, R= i 


—H, whereR may be’H or an alkyl group, 


Ketones 
In ketones, 


Melhanal oe ots = é a 
| | _ | — Propanal 
the carbonyl Broup is: bondedito:fwo carbon atom: 


S, and/so it: 

Tepiesented by the general.formula _ : ey 
@ Aldehydes and Ketones 
“are functional group 
isomers’ of each others, 
&8. Acetone ° and 


It i , 
hee Sh cHj=c = CH= ~CH, Propionaldehyde. 


Ethyt methyl Ketone 
des and ketories have’ the general formula, CsH:,0. 


The homologous : series of both aldeh 
Otcurance” 


preseht‘in many naturally occurring compute, 
Sent in:most sugars: ; 
sipal constituents of'a number of Senta oils used as: fragrances and flav 
— a resent 'in.camph rand: thone (Mint) es 
rena fe cor Aleta 
lt) Aldehydes =e 


Ommon Ne, 
3 hon Namas 


al pomaion names of 
Imbder, of: carbon atoms. 
© ¢ending 


aldehydes; are:obtained fm the common; names ‘of: carboxyl acids containing the same 


-ic gol ‘inithe comnion name. ofi tte acid‘is'replaced byt the: ward aldehyde. 
{0} 


(0) { 
th a Me | Hes, sae i 
~C=H ¢CH=G—=H GH=CH=C=H' — CH=CH—CH—C—H 
Fomatdahyde - Acetaldehyde Propionaldehyde, Butyraldehyde : 
a Positions: ‘of-other groups onithe:chain‘are’ indicated by, Gréekiletters'(a, B,.7,.6). Levering! starts:on\the carbon 
Mtito the ie carbonyl ‘group, 
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IUPAC Names 
0 “The IUPAC names of aldehydes are’ derived from the names of alkane 
The letter-e in the name ofithe alkane is replaced with al.” 
The positions of other groups onthe chain are indicated !by us 
Numbering: starts from)the carbonyl carbon. 0 
QO. 10) 


GH,— CH,—'6 — 


Propanal 


s having the samc number of carbon atoms 


ing.numbers. | 


“il 
CH,—G—H 
Ethanal 


to. 
H—C—H 
Methanal 


,0) 
Ai 8) Ba] 
CH; GH;- cH —G—-H 
{el 
2-Ghlorobutanal 
Aromatic aldehydes are not given IUPAC names. 


fi os 
GH; - CG —H 
m5 OH Bonzaldehyda a 


(b) Ketones 


€ommon'Names 
o The common names of ketones are “Obtdined: by Span writing the names oft the alkyl groups’ attached/to|the 
. carbonyl'carbon: 
The word'ketone is‘inen‘added asa separate word The names.of the alkyligrotips are written'alphabetically, 
When the two alkyligroups-are the same, the prefix.di - is added! before the name: eof the alkyligroup. 
{0} 


| I 
CH;= 6 chy CH, — =cH= CH, 
Dimothyl ketona (Acetone) Ethy! methyl ketone 
e . Tae positions of other groups: are indicated by Greek letters, the a-carbon atom being the one)adjacentto)the 
carbonyl.carbon. 4 
e- _ Ifthe two alkyligroups'in'a ketone.are the same, the ketone is saidito Be me ifiunlike, unsynimetrical, 
’ IUPAC.Names 
° The IUPAG:names of ketones are derived'from: the names of'alkanes having the same number: of carbon atoms: 
2 The'letter.e’in:the name ofialkane is replaced: with the Suffix:-one. : 
° The:position ofthe carbonyl: group-and of; other groups on'the chain are indicated'by: mumbers. : 
So 


MNumberige is started from thatend.which is nearest to the catbonylig group. 
Ol {0} 


We if : 
GiHi=GeecH) 
Acetophenone 


eres —GH, CH= M een, 
2-Propanone (Propanone) 2-Butanone (Butanone) 

“fe Aromatic'ketones'are not:given IUPAC names. sauces dco ‘ 
the only aldehyde which 

exists in gaseous: ‘state as 


room temperature. 


ndary 


i fa) Prenaralioniof Formaldehyae (re 


AIDS, 


(i) Laboratory,Method 


Formaldehyde is prepared in the laboratory b | jfatin 
YY passing-aimixt dain oven: 
asbestos or copper or silver catelyat at'300°C. S eiob methyl glcono vap ours:St 


nised 


ee tO) 
2CH; 0) PL ‘asbestos If. 5 
bowai iin on aa fas > 2H=C—4H, + 2H;0 
Iris draw 
deliyde which i aa iiough methyl alcohol with the 


din water, TI 
8% ‘et | alcohol .and'52'% Water. a 


Setup the apparatus as Ss 
Methyl alcoholiis oxidisedito g 


-Formaliniis a mixture of 40%; help of suction pump. 


fo 
nly g:mixture is called formalin, 


-Platinized 
asbestos 


“Formalin is a trade 
{commercial) name of 
formaldehyde. 


ss P 
(li) Industrial Method reparation of For maldehyde (formalin) 


: Formaldehyde is manufact 
ured'b 
ids of pron ae ee Y passing a:mixture of methanol vapours and air. over‘iron: oxide-molybdenum 


Fe0,Mo,0; | 
2CH,0 ey wit 
Me es 2H ——H +24, 


Me 
sata) * \Mathanal 


{i) Laboratory method 


Acetaldehyde is prepared ji 
solution, . prepared in ‘the laboratory by the oxidation of ethyl! alcohol with acidified sodium dichromate 


GH,CH,OH + [0] “= a aes cH.eHo +H,0 


C,H.OH+ Na,Cr,0, solution 
J Waterout 


Water: in Uy 
ice and water ~ 
acetadehyde, — 
Sune) and water. 


v 


Preparation of ‘Acetaldehyde 
vigor A mixture of cthy! alcohol and sodium dichromate solution is run into boiling dilute sulphuric acid: Immediately a 
°UuS reaction takes place and the acetaldehyde formed in’ liquid state is: immediately distilled off: This prevents the 
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oxidation of acetaldyde to acetic.acid. Ethyl alcoho! remains in solution\until it is oxidised. Pure acetaldehyde is obtaineg | REMEMBER 
oion of | i ’ o Avbase-catalyst increases the nucl 
oy Slit anaboivin e An-acid catalyst. promotes th 
} : ‘ - + , ; : 
~ salts of:formic acid and acetic acid. the carbonyl carbon atom muecleophilie attack by increasing the Positive character (el 
: 3 [ €r (electrophilic character) of 


10) 10) 
i ll m0) Se : 
iGomn;: int 


repared'by the dry distillation of amixture of calcium cophilic character:of-the reagent 


H=C—OQ. GH-eE-Q® 
Ga + °° Ca “> 2¢H—E—H +2CaCO, aAIGH 


-H-6= 0% che G — 0% AGLI 
(0) - oO 
Calcium formate Calcium acetate’ 


(ii), IMdustriali Method ; F : : 
Acetaldeliyde is. prepared industrially by-air. oxidation:of ethylenc-using palladium chloride catalyst with a cupric 


Acetaldehyde . i pein pea acetate SS 
Peas ae } 2G 


wae 


chloride promoter. ; . 
: (0) 


; Il 
Act, + CuCl, 
2¢H; = CH, +0, “=> 26H, -C-H 


Ethylene Acetaidehyde 
Step-I: 


CH,COO \ : 
‘Ca > CH/—CO— CH, +CaCO, 
Step-I1I: 


CHCOO” Acetone . 


GICR EY FNCR ie Tee Nu C=O oye ee + OW 


The carbonyligroup has a‘o-bond and\a:n-bond. Thus it:can-undergo addition reactions, Most reagentsireact\with The base catalysed nucleophilic addition reactions of'aldehydes and ketones are the following: = 

the carbonyl group by adding ‘to it. As oxygen’ isimore électronegative, it tends to attract the us electrons to itself, This Q; How does formaldehyde react.with the following:reagents? i =] i: ~ 

__ attraction makes the carbony] group a polar group. ‘The oxygen atom has a partial negative charge on it and’ is (i) CH.Mel i Es lee, 
nucleophilic, whereas'the carbon‘atom‘has aipartialipositive.charge‘andlis electrophilic, : avi6 a ( i) HEN (iii) _NaHso; iv)’ ‘conc.\Na@H | * 
ies : —__(v)__-NaBH,/H,0 (vi) Tollen'sreagent __(vii) _Febling’sreagent ~~ -* -'- 


NaS & 70 z 
= 6 — 
a“ z WAdditioniat Pept y 


aa 


Nucleophilic Addition’ Reactions of Aldehydes and/Ketones i arogeniGyanide 
As a result: of the unsymmetrical electronic distribution about ‘the carbony! group; the nucleophilic reagent can 
start:the initial attack on\the ‘carbon. It appears that whether the initial attack is to be'by-a. nucleophilic reagent or by,an Situ. 
electrophilic:reagent: depends upon'a: particular reaction and'upon the conditionsjunder which that:reaction is carried oul. 4 Hi’ OH! ay) ae 
Therefore, most of the reactions ofthe carbonyl group .will'be.considered tobe nucleophilic addition reactions. : Ne =O HON eS NS Sages 
| H7 tl H” Sen 


x a - \S in > sore Formaldehyde 
C=O0+H=-NU —— > NUTCG—OH. ie : ; 
| ers GH CH, OH 
s= IN, “ : NaCNHCl, NO ; 
Substrate Reagent Addition product po = OREN Non 
___ In these reactions of aldehydes and ketones; the negative part of the reagent combines with the electrophilic : Acelaldehyde een seer Qi How. would 
carbon\of the carbonyl \group, whereas the positive) part, whichis usually hydrogen goes:to the oxygen. The nucleophile ; : Sener acatednyde 
addition reactions of carbonyl group are catalysed’ by bases or acids. Remember. that whether the addition 1s base: : into Jacticacid? 
catalysed or acid-catalysed; the adductiis thesame: - me a ; | 


' Formaldehyde cyanohiyarin 
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The cyano group,— CN is hydrolysediby an aqucousacid:into:a carboxylic acidithrough anacidiamide; = 
2 ~ ~e OH < = 
(0) = 


CH—GH-CN +2H.0 + H,S0, ———? CH;— CH —COOH + NHHSO, 


Acetaldenyde cyanohydrir. 2 isiesret acid (Lactic acid) 


Use of the reaction 
The reaction is used in the synthesis of Ue 
earboniatoms in the starting aldehydes orketones. 


Mechanism EET Eth 
The reaction:is pase-catalysed because HEN has:no:lone:pair: or clectrons;oniits. carbons The'base (OH: )igenerats 


cyanide ions which acts.as nus Sleophiles: The mechanism. ofithe reactioniis'as: follows: oe 


hydroxy acids that contain one carbon atom more than® ‘number, ‘of 


“Step-l: — = : ; 
H=O + HCN === CN +HO 
Step-H: j ; 
Sel HON’ — Se 
Bee SS Oe AN 
: ae. , CN 
Step-IIl 


+ Addition’ product - 
The hydroxide ion, liberated’ in. the. formation of cyanohydrin: reacts with undissociated hydrogen cyanide-and 
produces-more cyanide ions, ouitighit in\tum: reactiwith: more carbonyl compound: : 


eepaeneeeecenearicsguneac 


SEALER 


Grignardir 
(HEI, 2804) give alcolols: Gass 
w With) Eormeldahyas ere 


adducts which on hydrolysis with) a.dilute mineral ‘acid 


= 2 A =a tH 2 ~— H: j : = : -* =i 
eee ether > = HO. S$ =n: Gm ase 
CH= CH;=Mg—Br+ ‘;Cc=0. ——— H=—C—OMgBr——* ie —OH+Mg_ i ayes 
3 Ethyimagnesiim bromida He Neal CH=CH: GHGH, 4 ‘ Nor: 


as “Methanal 4:Propanol (Primary alcchol) 


(ii); wpiatiacetaldshyide ; 


2 H x H Br 
=~ Nt XN IN : 
CH= GHoMG=Br ea =Etets CH —e= Maer BS., CHE se~ OH*+Mg. 

Ethylmagnesium bromide: GW: en=ee oe Nou 


CH=CH; 
amet Gee 2-Butanol (Secondary alcohol), 
_ (iii) With Acetone : ‘ : afer s 
re = se : EN ; ce = ; 
; CH=CH- Maar =O EB» of, We OMgBr HO, oy 60H + MG 
= + Ethymagneshum bromide A\ eZ : ’ 
oe bi (CH=CH;. CH=CH,” Nou: 


Propanone 


“2-Mathyl-2-butanal (Tertiary alcohol) 
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syAdditioniofiSodtumiBisulphite 


Aldehydes.and. small. methyl 'ketones react with:a saturated a TOE II 


crystalline-white precipitate of sodium; ibisulphite adduct. queous solution of sodium? taealptae tonforita 


NS . 
[C= 0 + NaHSO, - ————» SZ 


a 
H* 
Gs a Nain Na 
-ormaldehyde Bisulphite ‘addition product i 
CH, ; 
Ne QH 
. Pp = \ Hs 
We =.0 si NaHSO;). ———» ee et 
‘Acet: Idi | . | ic = i 
Acetaldehyde Bisulphite;addition| product 
CH; , 
\ CH. OH 
s & =O + NaHsO; ——> . Ding 
. CH” “soNa 
Acetone’ 


Bisulphilte addition product 


Bi vom ; . sh, “at * ey y r . f 
isulphite on heating.with:a dilute mincral/acid'(HCI or/H;SQ,) regencrates:the|parent aldehyde or:ketone 


CH ZOH n | r 
Cc + HCl el OH. — 6 —! I ( 
2 N53; ———>_ CH) = 'C H+ NaCl HHO + ‘SO, 
Bisulphite addition product Acetaldehyde 


Use of theireaction 


h I ti hi °P B y Pp yt je] cS 
T e cac on is used for the se aration. a urifi ication: of carbon iF com ounds fom non- =carbon I com sounds 


bachanienh 


Sodium bisulphite ionizes'to:form'sulphite ions. . © 
Step-I:- 


_ NaHSO, === S0,-O + H* + Na 


The sulphite ion acts:as a:nucl 
aalig(een Pp c cophile; since the sulphur atom, is: more: nucleophile: than; roxygen,a\C.— S: 


Step-H: . 
SA Ss Zoo 
Cid + :o,—Ont —— NO 
7 Oo \apiant 
S$O;,ONa 
Step-I: 4 = 
Proton‘is.attached'to, the negatively, charged! oxygen atomito: form! bisulphite addition|product. 
E ; <p? 5 ~ 79H Uilinealeaes ae, 
Bor treet got ae Oe slg = "a 
S0,ONa “s0;0Na rt ar 
‘Bisulphite:addition product 


l.groups‘are.larger: swith. sodium! bisul} hate. _ 


than:methyl-do: snoti ireact 


Ketones.inwhich:bothial 


With ifferent:compounds combine to form:a‘new: compound 
or aie the elimination ofiasinall molecule likeHO or:NH;, are called condensation reactions.” 


AidoliGondensation} 
Aldchydes:and)ketones possessing chy drogen utoms react withiascold dilute:solution:of an alkali'toi form: ‘Addition 
products known asialdols. ‘ 
The:name ‘aldol is given'to the product! (because it:contains! both aldehyde and/alcohol functional groups, 
Note that the name aldol condensation is reserved Tor the reaction that starts with (wo) identical carbony! 
compounds. 
Two molecules ofithe same carbony! compound condense to:form an: ‘aldol. 
(0) . OH: 9 
dil. NaOH 
CH=C'+ H=CH—C— Ho === CH -CH—CH-E—H 
i ' aoe 3:Hydroxybutanal (aldol) 
Ethanal Ethanal 
0) ' OH m0) 
dil, NaOH { 
‘GH,— CH = i + WGHe=H ea. CH CH; -CH eee H 
H Ch, 
Propanal ~ Propénal i 
(0) OH 


dil, Ba(OH), 


—_—S— 


}Hydroxy:2-meihylpentanal CH; 


CHC + H=CH, —C—CH; 
CH, 
: Propanone : ‘-Hydroxy-4-mathyt-2-pentanone 
Conversion: to:crotonaldehyde: 
" The:aldol compound readily  loses\water: ontheating in; the, presence: of dilute acid to’ form an\unsaturated carbonyl 
compound, A\carbon-carbon double) bondiis formed !between the a-and/B=carbon:atoms. 
GH 6G. “) 
[Bb ll dil, HG} 
CH CH=CH 6-H 
. 3-Hydroxybutanal 
Mechanism ‘of/AldoliGondensation 
: ° Formation oficarbanion : : 
Theihydroxide ion:acts‘asinibase. Itjremoves,u;proton Jrom\a-carboniof_one:molecile of the carbonyl! icompound) ” 
to/forma carbanion. ; 


Propanone 


C—H+ 13,0) 
Grotonaidehyde 


CH=CH = CH= ( 


ae Wa oil 
H=-O+ H-CH=-C=H =——— CHHO-H+ HO 
‘Hydroxide ion Ethanal’ Gaibanion 
‘Attack ofiNucleophile: < 
- The carbanion-acts:as.a.nucleophile. It: attacks ilie electrophilic carbonyl: carbon atom.of tlic onchange second 


molecule'to)formian) alkoxides tion: 
Se 


2° : © ©. 
ae ee, ay eee | 
‘CH=CH + CH=CH ~ = GH=CH'= CH; ='C =H - 


~ Ethanal Carbanion Analkoxide ion 


/Protonation:, 
The alkoxide:ion/removes.a:proton:fromiwaterio: formaldol, 
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ee ana =H obi =e ; 
Alkoxide ion —* CH= CH'=6H.—6 — He OH 


The basic catalyst hydroxide io ioniis: regenerated, 3-Hydroxybutanal (atdol) 
——— 


aati des Fer Ts no.a-hydrogen atoms undergo Cunnizzaro's renétio 
Itiis'a disproportionation (selfi oxidation:reductioy) reaction. % 
Two molecules of the aldchyde-are jj 


involved, one molecule’! 
OHTED rt , 
reduced product), and'the other-intothe acidiin the Salt fornia (thie ue epee cacti ates 
+9 ‘The reactions carricd out-with 50,percent: 
z ‘percent-aqucous'solution of sodium hydroxide at 


‘room! temperature. 


Benzaldehyde 
Mechanism 
e Step: 


The’ Magi jon:acts as'a'nucleophile. It-attacks on ‘the: electrophilic: carbonyl'c 
H. 


o/s 
EF 


- Benzyl’alcohol: Sodium'benzoate. 


arbon toiformia’complexianion: 


H 


Step): 
The anionitransfers aihydride|ion to:second:molecule:ofi fornaldchyde. 
He ee 


: =e= H 
i7Nou =SS=——H-C-OH + 


Formic acid : 
The presence 'ofitheinegative charge on‘oxygen ofithe‘anion'helps:in the!loss ofihydride ion: 


. Step: 
ey eg = CH= =07" 


~ prose ion. 
StepolV: 
The. methoxide ion‘acts!as‘a'base and! abacise proton’ from formic acid:to'formimethanoliand formatc:ion. 
(0) 
i === CHOH +H=C-—O 


Mathanol 


GH, =6+ F iO= 
iw 


” Mathoxide'ién Formic acd 


Stepv: . 
The formate ioniin:the presence ofialkali gives a salt of the acid. 
Lo} 


and sodium salt.of the acid. The term haloform is used for-the reaction because 
iodoform) is onc'of'the products. 
{0) 


(i) 


)) 


lodoform'Test. 


Use‘of!lodoform Test 


_e Itcanibeiusedito distinguish acetaldehyde from other aldehydes. 
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¢ of sodium: hydroxide to: give: Ralf 


Only acetaldehyde ‘and'methyl! iketonies! react with/halogens in theipresenc 
a haloform (chloroform, bromoform: or 


R= G= CH, + 3X, + 4NaOH ——> GHX, + RCOONa + 3NaX+3HO 7 S 
R= aly), Halogen c Haloform Sod. carboxylate Sache 


aryl or, hydrogen 
Acetaldchyde is the: only aldehyde whichiundergoes: ‘iodoform' reaction, 
; o 


CH= 'C—'H + 3l, + 4NaOH =——*> CHI, + HEOONa + 3Nal + 3H;O 
t : lodoform sod. formale 
{yellow ppl) 


Allisecondary ketones undergo iodoformireaction. ~ - ba 


Acetaldehyda , lodine 


CH,— C= CH, 31, + 4NaOQH ———> CHI, + CH,COONa+ 3Nal + 3H;O 
Acetone lodine lodoform sod. acetate 
Secondary alcohols.containing:the ‘hydroxyligroup’ onthe second carbon atom also undergo this:reaction: 
*OH entire! 


2a CH,+ 41; + 6NaOH —s CHI, + REOONa +:5Nal + 5H;O 
Secondary alcohol lodaform sod: carboxylate 
" Ethanollis'the:only primary: alcoholithat:gives: ‘this reaction. Seria 
CH{CHiOH + 41, +6NaOH —A__, GH +HCOONA+5Nal+5H,O. —- 
Ethanol lodoform sod: formate 
From a'synthetic point of view: the haloformireaction‘affordsa\convenient method: for. conivertifigia methyl ketone 
tora) carboxylic acid! containing: ‘one carbon atom |less:than: the:parent: Eompound: cai My 
MCQ‘s: kh guis 
Which‘of.the following give 
positive iodoform test?, 
{a) 1—Pentanol 
(b)--2 —Pentanone 
~ (c) g'Pentanone 
“(d)"'Pentanal: 


“The'haloform rcaction\using iodine andiaqueous sodium) liydroxide is: calledithe 
iodoformitest:” It results inithe formation of: water insoluble iodoform whichii isia 
yellow solid. z 


© Jodoformitest:is\used for. distinguishing metliyl/ketones from other, ketones: 
© Itis‘also used ito distinguish ethanol |form:methanol'and other, primary alcohols. 


onireac illitake Sines witha’ ay Se aap ane The, addition is. 
initiated by the proton, (A) liberated : by. the acid. The proton combines with the carbonyl. oxygen, atom sani 
increasc’the electorphile character of:the carbonylicarbon. Asiavresult, the-attack:of'the: weaker nucleophile: on the 
electrophilic carbon!becomes easier. - 

The.gencral\mechanism ofithe reaction|is:as\follows. 


Step=I: 
: S 4 R S “SS ~ t 
; - =o + L—— Boro H 
Step-I1: : : : 5 ; ' 
7 > es 
Nui + NS =o 


hol 
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(grierzationiotisldehydes 


‘Both formaldehyde and acetaldchyde polymerizé in «1 


paraldchyde respectively. ie Presence of dil: HsSOs to give metaformaldchyde and 
Ou 
iN, 
2 CH; GH i 
sim H3SO, s 2 Metaformaldehydeis:a 
3HCHO —==—, | ‘ ” white solid having 
x 2 melting point 62°C. 
CH; ; 
Melaformaldchyde 


(0) 
aN 
ei GH-- ori Paraldehyde is'a cyclic 


H;SO. 
3CH,;— CHO —*— trimer-anc.is used'as‘a 


xB _hyapotlc atid ‘soporific 
Gh 3 ; (sleep, producing): 
, ‘CH; Ey take 
Paraldehyde. 


2) ) Reaction onAmmoniaD Derivative 
R Aldehydes and ketones react: with ammonia derivatives. G. — NH; to'form compounds containing the group. 
LE =\N - Gand water. The reaction iis known’as!condensation:reaction or < addition-elimination reaction| ibecause water: 
is ‘ost after. addition occurs: The reaction is acid catalyzed. 
The, general reaction: is; 


ae el | 
c= + aN =o SES N=e = = —¢ = N—=G6+H,0 
Ammenia Amino alecha! Condensation 
_ thee som. i Ser 


Where G =@H,—NH, —NHGH,, = NHGONH,, etc. 
Some commonly used:ammonia derivatives are: hydroxylamine. 3 NA OH; liydrazine. NEBNERS phenylliydrazine. 
CcH3NHNH, semicarbazide, NH;NHCOHN; and 2. 4, dinitrophenylhydrazine. } NHGNHG«Hi(NO3)2: 


The reactions of'the’above stated ammonia derivatives: with aldehydes and'ketones:are:as: follow. 


(\/Reactioniwithinyvdroxylamine 
Aldchyes: andiketones: react! with\hy 


droxvlamine:to!form oximestin the presence'ofian acid. 


CH s 
; cH Raney Cy ener ee ae 
Sé = 6 + HiNOH =? © oN ON HO 

HZ H | 

Ethanal - Ethanaloxime 
CHK, H eS N—OH: + HO 

G20 * HOH == 5.7 
CH 7. 


Propanoneoxime. 


Idehy y gee an = ketone nes, ereact: daze oi to'form plicnylhydrazones’ in the; pee acid. 


Reaction 
A 


SHiN 
GH; 5 N=NHG;H; + HO 
Gg = © + + HNNHG.H, oe ean 
f 


: Ethanal phenylhydrazone, 
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| om: - CH 
CH... Mies Ss ms 
e = @ + HINNHC,H, ———> es pee N—NHG,H, + H,0 
CH,” “ly 
Propanone Propanone phenylhydrazone 
(ii) /Reactioniwithiitydrazine 


Aldehydes: and'ketones react withihydrazine to formihydrazones:in\the presence of aniacid. 
CH : SHiw 
"Ne = © + HINNH, Ss ZeoF N—NH; + H;0 
a H~ Ht . 
Acetaldehyde Acetaldehyde hydrazone 
CHix Z CHig 
Sos # HiNNH; Es “© = N—Nh,+.H,0_ 
a8 Ch, 


Acetone hydrazone 
2, 4-dinitrophenylhyrazones inithe| presence 


CH ’ Cie as 
Ze © +H)NNH @. 0" G = N—NH ©): 


HO NO; 


ofianvacid. 


2 


Acetaldehyd NGs ae 
Acelaigeny ce 2/4:DNPH Acetaldehyde 2:4:DNPH 
a NO 
CHa. a Y\: : 
= SN Ne 
CH: id 
Acetone 


Acetone’2/4-DNPH 


2;4-BNPH 
The reactions.can'be used for the identificationiof if aldchydes and|ketoncs' because 2,.4= dinitropheny hydrazine are 


usually, yellow ororange crystalline solids. 
Mechanismiof the Reaction of Ammonia Derivatives 
Step: 


Protonation ofioxygen:ofithe ccarbonyligroup:._ : : 
\ air S.; 
C=O +H == [e-0n- 
Step ‘II: : 
Nucleophilic attack of nitrogen of ammonia derivative on tlie electrophilic positively charged carbon: ‘and 


deprotonationiof'the adduct. 


H) 
SA ae H" -H” ' 
Noro 4N=G ——— — —— 
Son i-e > Deon spo 
mn pSNSih ie H 
= ‘ : G A G 7 x 
Step/III: - . ss : 

‘Protonation ofioxygen‘ofi liydroxy! group) followed'by, theiremoval!of Water : 
Se x f& f ra ear ree E tal E 
6H My Solu, ava : : <i 

H=N=G Hoh =Cm es Nes 


sniof/Alconols aa . 


Xldehydes combine with alcohols in the presenée of liydrogen chloride gas to form acetals. The ‘hydrogen 
chloride gas acts:-asia catalyst. Both the alcohol/and(the: hydrogen chloride gas must'be'dry. 
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HCL 
ger + Her CFs OG:H, 
HZ 2¢}H;oH BY-HEL >< 
+HiO 
Och: ~ 


The reaction:may be usedito: protectithe. 1,12 *Diethoxyethane (an acetal) 


aldehyde: 
the acetaliis hydrolysed jin the; tesence of'an‘acid, de group against alkaline oxidizing agents, To regenerate aldehyde, 
OG, 
is + HO H? . SiN 
on 2 7 ATE os = 1 Hl 
fj Sei =e 77 * 2H 


RIERA and ketones can Ty be: bei ; 
iced Ale 
secondary'alcohols. The carbonyl group. is:converte di A hak = “rediced to primary. alcohols. whereas Ketones to 


ReductioniwithiSodlumiBorohyaride 


Aldchydes and'ketonés are:reducedito:alcoh 
ols with'sodium borohydride, NaBH, The ‘reactio: 
nis: 
two steps: reaction ofithe:carbon Sgppound ae NaBH, under anhydrous conditions and:then' ‘hydrolysis: cee eee 
‘H 


é NaBH. z E 

H=€ = O+ 2[H]——> H—CH=OH ‘ 

Methanal - Methanol., : airs 
CH;— 6 = + 2H) BS CH. — cH 
Bee i Ta CHach OH 

; CH; GH; = : a 
CH—c¢ =o + 2tH) GH= CH= OH 

Propanone HO! 2-Propanol 


Sodium’ borohydride:reduces:the carbon-oxygen' double’ bond'but-not:the carbon-carbon multiple:bond: 
Mechanism 


The tetrahydridoborate (III) ion |BH; is source of hydride.ion, Hi. Tlie’ hydride:ion‘acts\as‘a‘nucleophile. iIt:attacks 
on the electrophilic carbon ofthe carbonyl |group to, give an alkoxide ion. 


Hee <5 ——— H= 29. ye 
~The alkoxide ion:is|protonated with, water to:give.an‘alcohol. 
-H= c= 64 tz oi H=G=0H +0} i 


Alkoxide ion An alcohol 


ic 
Aldehydes and ketones on reduction with’ hydrogen inthe: presence of\ametal catalyst like Pd,.Pt; or-Ni form 


ptimary, and| secondary aleohols respectively. ‘Hydrogen‘is: ‘added across the, carbonyligroup. 
(o} 


He e=He HH, > CHOH 
» Formaldeivde Mein soce 
0) 
cue bene 4, ESE CH CHOH 
OT Ethylalcohol 
Gren a OH 


d l 
ll aunt ‘Pa ro : GH,;—CH —CH; 
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solution. 
They are oxidized’ to carboxylic acid by Grong Gudizing agents such as KjCr,0/11)S0,, KMnOutiso, and 
dilute nitric acid: 
The hydrogen.atom attached to the carbonyl group in aldehydesiis oxidised to — OH group. 
; 10} 10} 
= q ) ee 
CH= CoA +o, SSSBS*. cH 0n 
~-_“Acstaldéhyde— = : _-Acetic acid 


Mild! Sudizing peor oxidizing 
agents 
*Tollan's reagent * cone, S HNO: 
*Fehling’s solution | K;Gr,0,H,80, 
= Benedict's solutions |“ KMnOWH;S0). ~ 


i mm 
CH; = CH;~E—H + [0] SSOFES. CH,— CH, —OH 
Propionaldehyde Propionic acid 


‘The carboxylic acidihas:the same number. ofcarbon atoms as areipresent in) the pare “aldehyite: 


Ketones: do: not\undergo:oxidation easily/because they. require breaking. of strong, carbon- euiBoni bond. 
They give no reaction with mild oxidizing agent. They are only oxidized by strong oxidizing, agents such as 
K5Crn0;/H)S0,, KMnO,/H2SO, and:con: HNO}. 
° In oxidation of ketones, only the carbon atoms adjacent to the carbonyl group are attacked. The carboniatom 
joined 'to the.smaller number: of hydrogen: ‘atoms is; preferentially oxidized: 
Symmetrical/ketones: 


Inicase:of symmetrical|ketones:only one:carbon atom adjacent to the eaibiony) group is oxidized |andiaimixture of 
two'carboxylic acids is:always obtained: 


il ane] ie 
CH= C—CH,+ 310) SSO, CH C—OH+HCOOH 


: Acetone ' i ‘Acetic acid Formic acid’ © 
Unsymimetrical ketones 


In case. of unsymmetrical ‘ketones, the cation atom: joined to the smaller number of-! nygpec atom. is 
preferentially oxidized'and theicarbonyl\proup:remains.with'the smaller-aikyl;group. 
.0) fa) 
- I tl. il 
CH= C=CH,= CH, +310) SORES CH, C— OH + CH= C— OH 
-Butanone “Acetic acid 


Ors) which, make: ‘alehydes moreireactive than’ ketones? 

ONE COMPOUNDS) oak. 
‘Detectionitests for aldehydesand/ketones. 
4. 2,4 DNPH Test: Ee 

Aldehyde and!ketones: forma: yellow or Ted: ‘precipitate swith 2, 4-dinitrophenylhdrazine soliition. 
2. Sodium Bisulphite Test:. 


Aldehydes. and smail methy! ketones form).a crystalline white’ precipitate with saturated’ sodium bisulphile 
solution. 


- 3. Tollen’s:-Testi[Silver Mirror Test]: 


Aldehydes form silver mirror-with Tollen%s 2s rea 


agent (animonical silver nit len’s) reagent! i 
anvaldchyde solutioniin'a'test\tubeand(warm. A:silvepm kee solution): Addr! 


irror-is:formed/onithe inside of the: testitube. 
‘AgNO, +3NH,OH—>| Ag(NH;), JOH+NH,NO, +3H,0 


R-CHO+2[-Ag(NH,), ]OH—9R-COONH, +2Ag4+2NH, +1,0 


Silver mirror 


@tones) 
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High quality mirrors are manufactured By 


A. Fehling’s Solution Test [analkalines 
Aliphatic -aldchydes :formia brick-red 
solution and ‘boil. A ‘brick-red precipitate ofc 


using this principle: Ketones donot! give this test. 


olution: containing a' cupric tartrate complexion): 


iprecipitate withiF Fchling’s:solution. To an-aldehyde solution, add Fehling’s 
uprous oxide is:formed: Ketones donot give this:test:. 


R-CHO+2¢u(OH), +NaQH—9R~GOONa +6u,0+3H,0 
; Brick red ppt 
5, Benedict's Solution Test [an‘alkaline solution: containing a‘cupric citrate complexion]: 


Aliphatic aldeliydes form ‘a brick-red precipitate with Benedict’s solution: To an aldehyde solution, add 
Benedict’s solution-and'boil: A brick-red: ‘precipitate oficiprous oxide‘is formed : 


“"RCHO + 2Cu(OH))NaQH—> REOONa+ Cu,0+3H40 - 


“ . Brick-red ppt 
Ketones do not: give this test: 


6. Sodium Nitroprusside Test: 
Ketones;produce awine.red’or- orange-red 'colouron adding alkaline aan ni op ssi solution drop'wise. 


Aldehydes do not.give this;test: 
sca Gs 
Distinction’ Tests of Aldehydes and: Ketones: 
[gimChemicalsaction” B 
All iW aldehydes but only 


mathy! ketones 
_ give this reaction 


Sodium bisulphito Tost: 
(NaHSQ,) 


i{! Is used for; ‘both, ‘aldehydes. 


2, ‘4 DNPH Tost. Yellow Red pptis Yollow;Red ppt.is 
formed! and: Ketones © 


(2; as ‘Diniirapheny)tiydrazins) ‘formed! t: ‘formed 


(|) Both’ ‘aliphatic:and aromatic 


Tollen’s Test ' ' “A'silver mirror, (Ag),[s aldehydes give this reaction 


a a no reaction 
Ammonical silver. nitrate solution, |. formed 


» Brick Red ppt of.Cu,0- no‘reaction 
ds formed x : athis; reaction 


Fehiling’s ‘solution Test 
(An alkaline:solution containing 
a ‘cupric tartrate complex Jon) 


‘Aromatic aldchydes: and 
nojreaction ketones: do not,give: 


: Benedict's solution ‘Test Brick Red ppt of Cu,0, i 
; Is formed ‘this reaction’ 


(An.alkaline:solution containing |, 
a cupric ‘citrate. complex. ion) 


Avilna|red‘or: Orange'red|| Aldehydes do notigive 


Sodium'Nitroprusside ‘Test: colouration ~ this reaction * 


no reaction 
Nai[Fe(GNiNG) 


Itis\usedtin 
It'is:used|\ini the manufacture: of dyes'such a: 


is i ' 50 
Its 40 %. aqueous SOjJULION: cal ed! iformalin Is! ne : 
f CSEIV ing: animal specimens and sterilizing: “SUI spell instr aTantSes 


A [ 
vat dyeing. CH, CH; SGH, 

~ Itris used‘as.a'decolourising agentiin.vat Cy lS a 

Itiis:usediin'the silvering ofmirrors..-—* d‘as'a\utinary antiseptic i [see *e 

das aur i ; 
Itis used iin making:medicine vrotropine us : Ssaatl ax 
Itis-used:in; askin formamint (formaldehyde + lactose) used as'throat\lozenges ; <2 
Hexantethylena tetramine 


vaccine. 
It-is used‘in the; sprocessing ofiantizpdlio (Urotropine) 


: i i = 1 alkanol 2-ethy-1=hexanol, vinyl acetate. 
j a tion of acetl ‘d.-acetic anhydride, .n butanol, y 

‘It is used in the production of acetic acl 

paraldehyde; ethylacetate, etc. 


(ii) 
(iii). 


(iv) 
(v) 
- (vi) 


nN 


nou 


Ql. 


‘Wuis\usedito;make‘acetaldehyde ammonia: wise \as.ai rubber-accelerator. ae 
Itisiused\to:make chloral hydrate, chanol’ trimer and'tetramer. Chloral| hydrate and ethanol trimer are: bothiusedias 


hypnotic drugs whereas ethanol tetramer is: used’as a:slug: poison. 
Itis:used'as an antiseptic inhalent.in:nasal infections: 

It‘is used in silvering.ofimirrors. 

It is used to make phenolic resins and synthetic drugs. 


Conversion of formaldehyde into acetaldehyde 
SUMe CHOMg! UO. CHOH <P CHCHO 


HCHO 
tether Acctaldchyue 


: Formaldchyde 
Conversion of acetaldehyde into formaldehyde 


CHICHO ASH» cHcoon “24s.cn, OONa——> CH, Sead cnjer 48%" > en, oul tHe! 10” 


Acetaldehyde Formakichyde 


Aldehydes :and'ketones.contain\ ithe carbonyligroup; € = Ojas\thefunctionaligroup. 
Bothyaldehydes: andiketones: can|be\prepared'by the oxidation ofi primary and: secondary alcohols, respectively. 
Both aldehydes and ketones undergo nucleophilic addition reactions: In these reactions; the negative part ofittic 


reagent’ combines with the electrophilic carbon‘ofithe carbonyl: group whereas the: ‘positive part:goesito\the oxygen” 


atom. They-are!base-catalysed'addition reactions. 


t 


Two molecules of the:same carbonyl compound condense to form-an aldol. Aldehydes, and ketones: containing 


a-—hydrogen:atoms: undergo} this'reaction in the presence ofidilute: sodium|hydroxide. . 
Aldehydes that ihaveino} o-liydrogen’ ‘atoms undergo’ Cannizzaro’s reaction in the jpresence oficoncentrated'sodium 
hydroxide. : 
Acetaldchyde'and‘only methyl!ketones react with halogens in\the: presence of sot hydroxides tospive}haloform. 
It, provides, a\useful| method for converting aimethyl'ketone’to)a:carboxylic acidicontaining one:carbon;atom less 
than\the parent:methyl'ketone. odoformtest'is used for. distinguishing, methylikctones:fromiothien ketones. 

: Aldchydes and: ketones react-with ammonia ‘derivatives, G- NH} to form: condensation, products gontaining the 


group, 7 PS and\water. The reaction:is:acid-catalysed: 


Aldehydes:andiketones:are reduced to:alcohols with sodium borohydride. Aldehydes; ‘and\ketonesiare: pals’ wreduced 


to’alcohols with molecular: hydrogen inithejpresence oficatalyst:like!Pd, ‘Pt-or Ni. 


Aldehydes:are;oxidized\to:carboxylic ‘acids. Kx@r3O7 in/H,SOj.or KMnOyai in: so,: mayie be: ised aKa oxidizing 
: agent: Ketones) resistioxidation: | 


Aldehydes form'silver-mirror with Tollen’s reagent. Ketones do;not:give thisitest. 
Aldehydes; igive a'brick: rédjprecipitate with!Fehling’s‘solutionioniboiling. ° 


SOLVED OBJECTIVE EXE SCISE 


Filllinithe:blanks. 

(i) ‘Aldehydes:are the first'oxidation|productiof 

(ii) , Ketones:are the:first'oxidation)productiof 

(iii) Aldéhydes andiketones:undergo__ additionireactions, 
(iv) Formaldehyde:reacts\with 


to;give) primary, alcohol: 
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(v) 
(vi) 
(vil) 


(viii) - 


(ix) 
(x) 


Answer Key. 


Ee 
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Acetaldehyde reacts with | 
Aldehydes are strong 
The oxidation ofan 

Thereduction of'a 


to. give 2:butanol. 
“agents, 
always:gives a carboxylic.acid. 


always’ gives'a seconda 
He ryalcohol. 
Formaldehyde gives testwwith Tollen’s reagent. 


Acctaldehyde, Gives precipitates. with iF; ehling’s solution: 


| Ethyl magnesium bromide Hor 


i) | Aldehyde “= oiin | 
|| Silven Mirror eee ica 


‘Primary Alcohols 
‘Nucleophilic 


i|ISccondary Alcohols. 
|| Grignard'Reagent 
Reducing 


Ketone _ 
|| Brick-red 


al 
He 
SO p 


Q2. Indicate True ‘or false. 
(i) Formaldehyde is.usediin the silvering ofimirrors, 
(ii) _Ketonesicombine withialcohols:in the presence of HGligas:to form:acetals. 
(iii)  Acetaldehyde undergoes: cannizzaro's reaction. 
(iv) ) Formaldehyde iswused'for, silvoring ofimirrors, 
(v) SS condensation reaction’ is given 'by only those aldehydes and ketones which contain a-hydrogen) 
atom. , 
(vi) Cannizzaro’s:reaction‘isigiven\by, only those aldehydes containing:no qihydrogeniatom: 
(vii) Propanal-and .propanone behave differently with Tollen?s:reagent. 
(viii) _ Acetone reactsiwith'sodium bisulphite to,give a\yellow: crystalline product: 
(iz), Acetone:on\reductionigives aj primary alcohol: : 
(x) 40%aqucous solutions ofiformaldehyde:is.called/formalin. 
Answer Key.” f 
“False | Gv) || True | (| True | 
| i) [ False [ (oy [| False [ () | Tre | 
Q3.  Multiplechoice questions. Eneirsle the:correct: answer. Ps te: ; 
()) The:carbon:atom ofia carbonyl'group is. tet . 
(a) sp!hybridized (b)'sp° liybridized (c) sp’ iybridized ‘(d) none ofithese’ 
(ii), ~~ Formalinis ; ] real at 
_ (a) 10% solution of formaldehyde in,water (b) 20% ‘solution of formaldehyde in.water ie 
(c).40% solution ofiformaldehyde in water (d)'60% solution of formaldehyde.in\water rt 
(iii) Which of the-following will have: the highestiboiling: point? ee f 
(a)\methanal (b)'Ethanal (c),propanal (2 Hexanone 
(iv. red iby the’ oxidation ‘of. : ae ; 
= spin st © secondary alcohol (c)jtextiary/alcohie! (d) none ofithese 
(Act rn EN rn ot 7 
a)!Electrophilic addition 
© usleopil addition (@ Nuclegphilicsubstittton twwith iI; WN OH 
(vi) Which of'the:following: compounds will not's sive iodoform testion: itreatmen es 5 Ne 
_ (a) Acetaldehyde (b) Acetone eae : bi | 
(vii) which of the following, a os Oo. O} 
0) tn i I / 


fl 


d):\GH3-C-CH2-CH; 
(a)\CH;-C-H (b)\CHs-C-CBs Tisai 


(c). GH;-G-OH 


eS eee Se = 
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(viii) Cannizzaro’s reaction ismotigiven by. af a 
(a) formaldehyde (b) Acetaldehyde —(c)/Benzaldehyde (d) Trimethylacetaldchyde er Mirror Test: 
(ix) | Which of the following:reagents.will react with both aldehydes:and ketones? Ans: silve rine Aas peat 
. Gri ( *Sreage )Fehling’s reagent d):Benedict’s, ae vs ior with Tollen’s re , Pat Ties ee 
(a).Grignardireagent . (b)Tollen’s:reagent: —_ (c))Fehling’s reag (d) s Teagent to an aldehyde solution sin:a-testitube and.warm, Asiverminonistoe rata sion). add Tollents regent 
=e e ube 


| ARNO, + INH,OH— Ag (NH,), JOH NH NO, +2H,0. - - ; 
aes —_ R-CHO+2[ Ag(NH,), JOH R-COONH, 434 +2NH, +H,¢ 
= z 4 g 1, + 13 EO) 


c See 
: eee 


— Toscason ah; 
> double bond'shows sp: character-oficarbonyligrou 


| (c):40% solutioniof — ~~ Ttisused as:an:antiseptic, a disinfectant, aigermicide, a fungicide ctc, 


Solved Exercise 


Silver mirror 


e two mild oxidizing agents, which distinguish aldehydes and keto 


achvdej Q, Nam nes. 
| formaldechyde-iniwaiter ; ————————— nes 
2-Hexanone | 22Hexanone’has highest'b.p. duc toilarge size. ] Ans: Mil OxICNZME:aBeNts: 
rea == : | ‘The mild oxidizing agents-are: 
Ry II : (i) Tollen’s regent.(AgNO; +NH,QH), 
K,Cr,0, 55 . ' | 4 5 “4 , oe is 
HE-OH + [0] => R-E-R + H,0 (li) Fehling s solution (an alkaline solution 'containing’a cupric tartarate complexion) 

JR | Aldehydes are easily oxidized by mild oxidizing agents while ketones do not oxidized by mild oxidizing * 
|| As:reaction startsiby.attack.ofinucleo agents. 
| Ta:3 — Pentanone, methyl group (-CHs) is attached.with carbonylicarbon; 0 _ Q. What-are factors which make aldehydes more'reactive than ketones? _ 
I EATER = ah Tollen’ | | Ans:Factorsmake aldehydesimore reactive: __ 

Aldehyde ‘form silver. mirror with Tollen’s reagent. TifgfreacttWy, of carbonyl compounidé dts aah 


(i) Electrophilic character: of carbonyl'carbon: : 
Alky] groups.are attached with:carbonyl carbon in)ketones, ‘These alkyl/groups:donate.¢lectrons to. carbon 

y atom and'decrease its electrophilic character.-In this:way its reactivity decreases.as compared to'aldehydcs. 
(ii) Stearic Hindrance: 
Inketones, bulky alkyl! 'groups:create stearic hindrance inithe attack: ofinucleophilicireagent. This:makesiit 

loss reactive.than:aldehydes (having.one hydrogeniatom instead ofialkyl/ groups); 


| Acetaldehyde (CHjCHO) have o— hydrog 
| Tollen, Fehling and'Benedict’s reagents do not react with|Ketones'because 
iL -they are notistrong.oxidizing:agents. 


16 How. would you:bring-about the following: conversions?. 
“(il) Acetone:tinto t-butylialcchol (i), Propanalinto1:propanol ~ (iii), Propanoneiinto2:propanol 


—S = = = : = = — (iv) mathanal into ethanal {v) \Ethanalinto/propanone (vi) Ethanal into2:propanol : 
Ans: Cannizzaro’s reaction |is:self-oxidation'reduction reaction: ere . (vil), Ethiyneiinto ethanol (viii) Ethene‘into‘éthanal (ix) Ethanal into:ethanol 
Cannizzaro’s reaction is self-oxidation reduction: reaction. Two molecules of the aldchyde are involved, oné ((i))_\Ethanaliinte a:butanene (xi), Methanol intoethanal _(xii),_ Ethanol into'ethanoic acid | 
molecule’ being converted|into:the corresponding:alcohol |(the'reduced product) andthe other. into the acidjinithe salt —————S[S[S[SSSSsaqSqqS5—= = 
form (the oxidation product): The reaction is carried out with 50% aqueous solution:of sodium hydroxide:at:room Ans: = pie ; : 
anes pea ny ‘i li) Acetoneiinto t-butylalcohol e Mas | 
I fees he be Seema ’ o>, Soe Os 3a Tees : | 
2H'= © — H+ NaOH —  CH30OH + H=C-~—OWNa* S . | g ether. CH= ¢€ —O7Mg" Br pS eS ae e a -7 [oo | 
eee: Methylalcohol Sodium forniate afte irae CHS = (€ — Geis + CHM gir ee: Wee ane anit nett ite 
_Q. What types of aldehydes'give-aldolicondensation? __ > WW .. - TSB | 
Ans: Aldehyde giving,aldoliGondensation: ri CH; : ie bo Bi} | 
‘Aldehydes possessing x-hydrogen atoms react with a cold dilute solution of an, alkali to form: addition CH}3= € —@™Mg¢g" Br Be’, €H;- € -OH+Mg Sou : = Vi 
‘products known as aldols. Alll :the. aldehydes ‘give aldol condensation except.those which have no o-hydrogen' Forel 7 
atoms. . . : 5 5 CH; CH; - 
Example: = ; cea : butyl alcohol 
© oO OH - (0) ea i — — = 
. M ‘ | 
. pean {| dil. NaOH | Propanaliinto1-Propanol 
SH HH=CH=C=H = GR—CH=CH=C =H) i-- . YG ; waeakes 
WAR 2 ; ll Pd. oAg-~GH;= GH;— OH ; : 
: : 3: | : ; . - =f ah od aq. to EHy—= Ch — © 22 
Ethel Eisner é Hydroxybutanal (aldol) : . CH; = CH; = © =H +H} >'CHs 


: Ss nol 
Propanal y ! Bone 
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’ “1 ethyne into ethanal: 
(iii) Propanone’into 2-Propanol: P , (vii) Ethy ae 
) ; - HgSO, “ill 
I Pd : HC=CH + ’H-OH-——3 “aso? 4,C=CH 
' CH; — © — CH; +H, ———> GH; -— fe — CH; : ashe > Vinyl alcoho! 
OH lal . q 
2-Propanol Hjc = GH: HiG—C¢—H 
Acetalc . 
{iv) Methanalinto:ethanal: ovis ; ; aldehyde . | 
r a — eee 
1 | = wili) Ethene into ethanal: 
H- © -H+ CHjMgBr ——> H - ‘ -H CH,'= CH, +H;9 —> CHy- CH}. on 
CH : a 
A : CH; — CH; - OH + (9) eo ori — e- H+H0 
| 10" 7B 
foe i 2 MEER SES Me. (x), Ethanal!into ethanol 
CH; f ea ; 
: KCKO i : 5 CH;—€ —H+H;, ——> CH, - CH; —OH 
207 ECT. : : 
SHjCH; sw, CH,-C-H+H;0 
oes a H2SO; wee ; (x) Ethanol into 2-Butanone 
Ethanal CH; - CH - OH + HBr —> CHjCH;Br+H;0 
. : : == CH; SH; - Br+Mg —» CHjCHjMgBr 
(v)’ Ethanal into propanone: - Wants © ieee 0 O7Mg'Br 
oy H OY I nl 
I ether I areal - eet CH; - CHyMgBr+ CH; - C= H —> CH;- © -.CH)- CH; 
oS € =H+CH3MgBr ——> CH; = =¢- O™Mg’ Br . = : 5 | 
CHS cgee oe eS seer 
H ah Br Se F ~~ va crite on a 
lyse R : | } : 
SoU reef he sees eA OH + Me Sori . pees CH — C~ CH ~ CH + E30 —> CH - C-Cth- Ci + ME. 
"CH; GH; ok : = 7 u 
‘OH (0) . s 


y= cry; + (0) 882%, ox, Se oye, ile KxGr0 i 
, hee 510) eso, CHS © = Git HO CH ~ C — CHy—CHs + [0] a5 Gls - C= Cth CH + #0 
Propanone We : 
7 . 4 3 2 : 2 : = ; eel art —_ ta 5“ Ra 
(vi) Ethanal into 2-Propanol = ae bi Ca eS es = z= 
| ether : ; 0) 
lore -€- ~ H+ CHsMg! Br ——> CH;,-€ : 


—O™Mg' B =| ilk 
[L wy E ne ; CH3OH + [0] —> H-C€-H+H:0 
CH;: - 0 5 
H paces | - 
| Hi0" Br : eee H-€~H+ CHiMgBr —> CH; — CH; - O™Mg Br ae 
CH; — c- o Me! Br . on eH -OH+ MC / 


; H;,0 CHOH EME. 
| ( Sou . rs CH; ~ CF - OMgBr HO’, cHCHOH +Me You 
CH; CH, 


x 
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‘ c 
Kz 30); - 
CH3CHOH + [0] aoe CH;- C-H+H:0 
res 


a aaa , 2 
(xii) Ethanolinto ethanoic acid: a ——— ava Lees a 3Rentanoney, oes: 
2 A a It'does not gives iodoform:test. 


a I ; ; 
crcHoH+ (oy S22, cH,-c- +10 i a 


180, CH; ~ CH, - € - CH; +4NaOH +3] : 

: — \CH; ~ CHy- € CH) - € aOH + Is 

‘ CH) ~ CH;COONa + 3Nal + CHI, +3440 REET ii wesc 

4 Cr,0; - ‘ 

CH; - € -H+ [0] RaCn0;, CH, - € - OH ee Wi Noirexction 

EDSO, 1 ae R r i) aC a oe = 

ES pee as. Iehiyties : 
Q.17 How-will you distinguish between: ’ igivesiiodG tara eel aah 

(i) Methanalandiethanal - (il) Ethanaliand|propanone —([ii)._- Ethanal and propanal oO 
(iv) Acetone:andethyl alcoho! (v) Butanone and'3-Pentanone(vi) Acetaldehyde and benzaldehyde 


(vii), 2:Pentanone and 3-Pentanone 


‘It docs notigive iodoform test 
0) 


I 
CH; - C -H+4NaOH + 3h E [Cols ay ~H+NaQH'+ Ih 
a 4 
CHI, + 3Nal +3H30 + HEOONa : No reaction 


CS 


, 


Ik geen 5 OT Nat enn ara at 7 ys ne le SS 
h iMetian Ty @Pentanone) © |g Rentanione. abi 


ludoes not give lodoform test. : | 3-Pentanone docs:notigive iodoform test. 
(0) (0) 


ll 4 i l 
H-~ €-H+ NaOH +h CH; - €C-Hit ea +3h CH; — CH - CH; —'C — CH; +4NaOH+3h, .  |!CH;-.CH) ~C ~ CH) =\CHy+'NaOH + I, 
1 : J 4 
Nolodofor test. 0 CHI; + 3Nal + 31,0 + HCOONa CH; — CH; — CHsCOONa + CH + 3Nal+ 3130 No reaction 


Pea re ors = = ier eaa Sa Nae Sa academe Ta a 


Fz _s o~ = 
h mild oxidizin 


Q : ; Cee are ee eR AAAS a z 

How will you convert ethanal into ethanol, give equation? ; 

Give 'the reactions of: (a) Acetaldehyde (b) Acetonewith 1, /NaQH 

Giveithe mechanism of addition of HEN to Acetone. 

Write down the formula and'IUPAC name of.an acetal. 

Write:down any four uses of formaldehyde. 

How-formaldehyde reacts with: (i) Tollen’s'reagen 

Describe reduction of Acetone with: (j) NaBH, /H50.(ii) F 

What: types of Aldehydes give Gannizzaro reaction? 

Discuss reduction of Aldehydes with: (a) NaBH, / HO (0) te or 

ee inlistriat iethiog Na a a = ee age coutoieet Write the equation as.well. 
tow an aldehyde is distinguished:from a fen BSN 

No:reaction. : * Give SEE for reaction of phenylhdrazine withithe following 

i (a) Ethanal (b) Propanone 

What type of polarity is present in Carbony| ae 

Naine oxidizing agents whieh can oxidze aldehy( 

Write down the uses of acetaldehyde. aco the tency at aldehydes and ketones? 
‘CH;CH;OH + HC) a CH3CH,Cl + H30 47, ow acids and bases acting as catalysts IN(?2 ats and acetals? 

3 = eat 4 


O} I 
CH; ~ € — CH; + Cu(OH)p+ NaOH 
! 


v 


No‘reaction 


I 
CH; — € H+ 2Cu(OH), + 2NaOH 


t (i)\Fehling solution 
4, APd 


‘Ethanal gives iodoform test. 
0) (0) 


wo 


ee 
noo’ 


II {I 
CH; ~ € - H+ 4NaOH + 3h CH; - GH; -C -H+ NaOH +1; 
\ 


v J 


but notithe ketones? 


=~ = 
TESA 


‘Acetone reacts with initrophenyhydrazine to. 
form 2, 4-dinitrophenylhyrazones in the presence of 


— 
a 


_oncheating. 


; miace' 
How aldehydes react with alcohols'to give hem! 


ABS = 
419. 


What'is Sodium Nitrons russide test? 

What products are obtained by the reduction of acetaldehyde and acetone with NaBH, ? 
How formaliniis prepared sn the commercial scale from methyl alcohol? 
Why Tollen's test is algo called silver mirror test? 

How does. acetaldehyde react'with HEN and C,H,Mgl? 

Discuss the chemistry of Tollen’s test. 

Whatiis condensation reaction? Give an example. 

Give the mechanism of Cannizzaro's feaGlOn: 


For Answers see 


Sat Le PS 
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Chapter 12 (Aldehydes Andi Ketones) 


CS 


erp 
duction 


MAP 


a i! 
Organic compounds containing (—¢— 6H) asa: ‘functional: ‘group: are called ’carboxylic aciils 


The - COOH group which itselfvis made upiofa:carb 
ebony sto gfoun (Carb f from carbonyl and a from Rae ( e= @)\andia: fnarony group:(= (OH) is called.a 


tions 


ionsonG 


af on nthe basis ga side cham 


(i) Aliphatic carboxylic acids: “Carboxylic acids in.which carboxyl group (- Coon is attached with: alkyl; ‘group 
arc called‘aliphatic carboxylic acids.” 


General|Formula: {0} Ze 
R—C—OH Where'R ='H’or'an alkyl/group. 
Examples 


I qe 
H—C—OH- CH;—'C—OH 
Methanoic acid or Formic acid Ethanoic acid or Acetic acid 
(ii) Aromatic carboxylic acids: “Carboxylic acids in\which carboxyl group (~ COOH)iis attached with’ aryligroup 
are called aromatic carboxylic acids.” - 
GeneraliFormula 0) 


Ar—=G—OH Where:Aris a phenyl onan aryl'group 


Examples af 
; oe SOO 
Ic acid 
Benzoic acid t24 ‘asec ica 


(8) On the basis of number of carboxyl groups 


di, tri; or/poly: carboxylic acids.as they contain one, two. thirce. or 
oa 3 


Carboxylic acids:are further classified as mono, 
() ¥ carboxyl groups respectively in their molecules. 


Aliphatic: Monocarboxylic acids : = Rickie 


(ii 
5 Aliphatic Dicarboxylic acids ss 
9) Aromatic Monocarboxylic acids 


Aromatic Dicarboxylic acids 


Aliphatic aie Busine Acids 


eA 


2 “Xctiem (Gtiemieal form mile 


Common name) | z 
sre dete 


Formic acid 


Methanoic acid. 


: j en WT ae ] HC —GOOH 
- } } Cis form 
=> = : ine —COOH Fumeric acid * Trans Butendioic acid 
ShCreEOOH! _ Stearic acid | (Octadecanioic acid Trans form 


SANA ESTA LSP ICE 


Feat. : 


Benzoic acid 
GOOH 


1(4)- Benzenedicarboxylic acid) 
(Tere - phthalic acid) 


1, 2 -'Benzenedicarboxylic acid 


1,3- Benzenedicarboxylic acid 
(Phthalic acid) 


(Iso-phthalic acid) 


- Q7. (a) What are fatty acids? 


Fatty. acids 


The aliphatic monocarboxylic acids are commonly called fatty acids because higher menibers ofthis series:such 
as,palmitic acid (C,s;H3;COOH), stearic acid (€17H3sCOON), etc. are obtained'by the hydrolysis of fats andioils. 
The aliphatic monocarboxylic acids may be given common names or NEUES names; 


€ommon or Trivial names 


The common names oficarboxylic acids were derived ‘from the source from/which they are isolated. 


e The irritation caused by an ant bite is due to formic acid (Latin word formica, ant), It was first ‘isolated by the 


distillation of red.ants. 
e Similarly acetic acid was first isolated 'from Vinegar, 
¢ — Butyric acid: was named:after butyrum means butter. 
The IUPAC Nomenclature 
« The IUPAC names-of saturated!monocarboxylic acids are alkanoic acids. 


‘e These are derived from the names: ofithe alkanes. containing the same number oficarbon,atomsias:the acid: 
° ‘The ending “-e” of the alkane name‘is dropped and suffix-oic acid ii \is added: 
e Thus, acetic acid gets the name ethanoic acid, 


Chapter 13 (Carboxylic Acids) 


The common.and IUPAC names of the some etd C= OH 
tol ‘monoe, 


arboxyli¢ acids are given in the table helow, ; 


H—COOH 
CH;COOH 
_CH;—CH;—COOH 
CHj-CH;-CH;COOH 
CH,—CHeOOn., 


AD et tae » . . rote 


Tle ites 


«(GENER 


Be oy yea 


eer tn oar ranean 


RAL METHODS: OF! PREPARATIO ON: 


There are Tole methods for the preparation of carboxylic:acids, - 
(iFromierimany/Aleoholsiand/Aldehydes} 

Primary alcohols and aldehydes are readil 
ay dichromate in:an:acidic medium. 


R=CH, -OH+[0] —8%% 5 p-cHo —2, Reoon “te 
Prinnaiy alcohol H3S0, aldehyde | Carboxylic acid 


2 SR EE 


ly‘ oxidized to corresponding’ carboxylic acids |by: oxidizing ‘agents such 


0) ‘pos by & RS EREN a ower an 
“KsCn0; 
re 


250, 


[Sees ; : 
CH;~CH;— OH+ [0] CH; -C —H —°-+ CH, COOH 


; Ethanol: Ethanal Ethanoic:acid 


Aldehydes. are easily. oxidized to corresponding: carboxylic cots even|by:mild oxidizing. Seen such as Tollen’s = a 
(Ammoniacal silver nitrate). ; 


Reagen 


4 


CH, CHO +[0]——>-CH;COOH 
Eval : Bthanoic: acid 


Nitriles: Compounds having:a\cyanide(—C€ ='N) group are-called nitriles. Beers yor 
CHiCN = Ethanenitrile, CH{CN = Propanenitrile (RCN = Alkanenitrile) 


Preparation of Alkanenitriles: Alkancnitriles can be eipreparet by treating/alkyl! halide: with alcoholic; fae 
Cyanide. 


Atshol sR. — CN + KX 
on/boiling with, mineral acids or “alkalis viele’ 


R=X-+KEN 
Hydrolysis of Alkanenitriles: Hydrolysis of an alkane’ nitrile 
“responding carboxylic acid. 


R—C=N +aryo Heo RCOOH+ NH; 


I 
GH; = N+2H,0+HCl—* See anal halide. 
Itmay be noted that-acid| produced has:one carbon atom more ; ; 


= are AD OZA, agent 


carboxylic acid. - 
: : : 2s 7 = ] fe Sie: 
R=MgX+O=C=0 — >, [R-€-OMgX] Sage 8 C-OH + Mg 


OH 


: " @ Br. 
= >>, rh . ll AE H SHAT: WA 
CH-MgBr +O C29 — FL» [CH,- C - OMgBr]. >> CHEOOH + ES) 


salt;when treated with dilute’ HCl gives'the:free carboxylic acid. 
i I . - * . 
R— GOOR’ + NAOQH——. R— C— ONa + R’—OH_ 
o ee: 
R= C— ONS.+ Hel ——> R- C— OH #NaGl 
: : 10) 


ll ea Il een 
CH;— C—OG;H; + NaAQH——> _CH,C — ONa +C,HiOH 


Ethyl acctate Sodium acetale 


: ll 
CHE = @Na +HCl——> CH,— G— OH'+ NaCl 
S5uByithe Oxidative! Cleavage iof/Alkenes : 


IAS 


Alkenes.when heated:withialkaline KMnQ,,are cleaved atithe double bond:to form carboxylic acids. 


R=CH=CH-R+4[0] SOCK, 2RCOOH 
symmetrical alkene Carboxylic acid 
HiC=CH = CH=CH, + 4[0) 2K, 2cH.cooH 
2-Butene ot Ethanoic acid 


: iSti¢s 
(i) Smell; : . : 


‘ = ansee oot 7 ee 5 "a 2 te Bert ds have 
The: first three aliphatic acids i/e., formic acid; acetic acid and propionic acid are colourless liquids and)! 
" pungent:smell. The nextithiree acids C, to!Cg-are colourlessiliquids with:somewhat unpleasant smell. 


(ii) Solubility 2S; . > aa 
Among. the aliphatic acids, the first‘four members‘are very soluble in\water due to'liydrogen'bonding. 
eo i. M8 bh eR & 
He eee BS = ©: eee Te OL ° H=O=G E10) 
fl _ H R 
H-Bonding, . : : 


The solubility in water: gradually decreases with :the-increase'in:molecular-mass. 


Chapter 13 (Carboxylic Acids) ; 


Carboxylic acids can be prepared by the action of Grignard-reagent with crite cio This reap is either 
: f00 P ng Grignard reagent or by addin 
. -carbon dioxide through the ethereal solution of corresponding ; ‘ 
ae ee Rene ice suspended in ether. The addition product on reaction with a mincral acid produces 


ium saltiofithe acid: This resulting 


Q; How would you:corivert 
2=Butene to:aceticacid? 


(iii) Boiling Points 
The boiling:points of carboxy 


lic 


“acids are re]. ti . 
The molecular mass determinat atively, 


t ion-in non: Glan tmolecular, hydrogen bondin 
dimer. P ar solvents like benzene shows that carboxylic seid exist as cyclic 
be by 
4. 2==0 
Gea 
X ; ; iS R 
2 Bed * 
Examples dior ofa carboxy ac 
‘HCOOH Ge S 
CH;CO Wea 
373K: (100°C) ae aie _ CoHsCOOH 
(iv) Melting Points 424K (141"6) 


The melting points of carboxylic a 
observed that the melting points:of 
next lower and higher. members con 


cids increase inregularly with the increase in molecular mass. It has been 


carboxylic acids containing’ ex { 
ar ( g.even ‘number‘oficarbon atoms are ‘higher. than th 
taining odd‘number of carbon-atoms. S ; 


Examples poe 
CH, CH;COOH CH,GH;CH;COOH: CH,CH,CH;CH,COOH 
3 ‘carb i : 
Pesticc (3 carbon) (4 carbon) (5.carbon) 
points 251K(-22°6) -  267K(-6°C) 237K(-36°C), 


Q. Why the molecular masses of carboxylic acids become double in non polar solvent? 


Aaad . eee. i elietelythe “188 ~ : 
The molecular mass determination’ of carboxylic acids in non polar solvents like benzene shows that'they, existias 


cyclic dimers due to intermolecular hydrogen| bonding. So,-due to formation:of cyclic dimers, they show double 
molecular. mass. ; 


Example:- 


The molecular mass ‘of acetic acidiis 60.amu, butiin'benzene, itsis}120 amu. This:is due to the formation of cyclic 
dimer. : : 


lige Hydrogen Bonding? 


“5 Wy |B 
O=--H—O 
m/e Wa pme 
\ be aM 
O-—H—O , 


_ Dimer of-acetic-acid..__ 


MCQ’s The Weakest-acid among-the following is a cok 
(a) CH,cooH “(b)CICH;COOH —«(@),C HCOOH (a) Cleon 

0 be Noted: - , ZL She 

As the length of carbon ‘chain increases, the acidic strength of exit i aes Cee Gir NOSE) 
The acidity of carboxylic acids increases as the number of electron with drawing group (F, Cl, Br. NO; 


Nereases in the a: position _ 


Points t 


i) 


a Vity/ of Carboxyll Group ima <sthonyl’and the hydroxyl groups: In most reactions of 
abo: The carboxyl group displays the chemistry. of both the cat eee olecules is a.consequence of the 


ivity, of these mo: 
i : sar = however, the reactivity of Mi 
Msence acids the carboxyl group is retained however,“ 


‘the carbonyligroup: 


Chapter 13: lesieenvic Acids) 


Reactions of Carboxylic Acids 
Carboxylic acids:undergo the following type‘ofi reactions. 
(a) The reactions in which hydrogen ‘atom of the carboxyl group is involved (salt formation). 
(b) The reactions in which OH:group is replaced by another group. ; 
(c) The‘reactions involving carboxyl srouplas as a whole. 
(a)e ReactioniMnvelvine/H/Atomiofithe(GarboxyEGroup 


‘Carboxylic acids are weaker acids:than mineral! acids. T fey ete H’ when dissolved: in water. 


" Carboxylata fon Proton 
In'the presence of water.(H3), the proton'breaks away as 130" ion. 
1. Reaction with Base 
; Carboxylic acids react-with' bases (NaOH, KOH) to form salts 
CH,CGOH + NaOH — > °“CH,COONa + H,0 
Acetitiacid 
2. Reaction with Garbonates:and 'Bicarbonates 
Carboxylic acid'decompose carbonates and|bicarbonates evolving carbon dioxide gas with effervescence. 


‘Sodium. acetate 


2CH; COOH +'Na,CO, ——>2CH,COONa‘ +€Q,+H,O . 
MCQ's 

Acids form. sodium salt, with) the’ 
evolution of. CO;.0n treatment: with 
(a)‘Sodium carbonate 

(b) Sodium hydroxide . 
{c) Soda lime (d) Sodium metals 


CH, COOH + NaHCO, —>CH, COONa* +€O, +H,0 
5. _ Reaction, with Metals 
Carboxylic acids react. with active metals (Na, K, Ca, Mg. ete.) to form 
their salts with the evolution ofthydrogen gas, s 


2€H,COOH +2Na——>2CH, COO Na‘ +H, 


FICR EB GOCR 


(b)Reactioniin AVOlVing. the =OH\GroupiofGarboxylig Acids 


The carboxylic acid'contains (- COOH) functional group, and like'the carbonyl group oftaldehydes andiketones, 
is susceptible to attack by a:nucleophile. The addition of a nucleopliile to'the carboxyl group.is:always followed!by: ithe 


displacement of the -OH'groupiby some other group, producing a carboxylic acid derivative. The OH epourr canithus'be 
rae by? x; OR: and) UNE to to: ist penance esters: sand amides: ee 


ay = ” CH, ee + ‘PCI, —_ > CHC COC! + + FOCI + i Her 
(b) _ CH,COOH + SOC], ——>» CH,COECl + SO, + HCI 
Mechanism p 
"eo Reaction of'acetic acid‘with thionylichloride 


. rate | 
- (i) CH=-C—OH+ SOCL——>  CH—-C —O—S—CI+H?+ Cer 
5 ° Attack of chloride on clectra@iiiic carbon 
& 
CF Q OF Q 
allt | I 
(ii) = CH; =C—0—s=Cy+ —s CH= ia i ©—S=6E) 
: GI 
° Removel of ciiolride and sulphur. dioxide 


Carboxylic acids: 


————— 
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° Protonation ofCarboxylic Acid: 


CH— 7 C—OH + 
i AH = Deals OH 
+O—H 
° §6Attack of CH;-CH;0H: 


24,01 ———» Sa " 
o 
Hydrogen Ion Transfer: mess ay 


i UO et et u 


O=H 


CjH= AF 
2 ? #) CH= H 
oe aiCk ——— CH=e= OH, re} 

Q O=H 
- ° o =k; a 
° Elimination of Water andi’: 


CHO) 


CH=6 = O4H:04+ H ; 
Ethyl acetate 


-H,0 


Esters: fi 
ave fru Vv 
: ity smelliand:are sce as artificial flavours: Flavours ofisome esters'arc: listed it 


Flavour (Ester Flavour. j 
nana _||iIsobuty! formate |/Raspberry | 

Benzyl acetale | ine fEthy! butyrate \Pine:apple 
‘Amyli butyrate cot iceta |] Orange | 


CH sCOOH +NH, =—+CH;COONH, 


CH,COON H, —"»CH,CONH, +H;0 


Teact. with ammonia to form ammonium salts, which on heating: produce.acid amides. 
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—— ne 


| 296 


Mechanism 
o Attack of NH; on acetic acid 


. & = z 
G, ° 
? AT. + ] 
(i) ch-c-o+NH, === cH-F— OH 
1n5 = NT 
e Shifting of proton . 
(0) - 9 
7a ! Proton transfer | a 
{ii) Ghay= oH ——— chap = eth 
“NH, NH; | 
o Removal ofwater 
; “76 , 
sa Was +40 , Il 
(iii) CH-G< OH; === CH-C—NH, +H,0 
Acetamide * 
NH 


rmationof/AcidlAnhydride 
Carboxylic acids are dehydrated on heating strongly in the presence of: phosphorus pentaoxide. 


HI ll P,O,: {I Il 
GH,COH + Ho|-¢ - CH, ——> CH,-€ -O-€ -CH,+ H,0 
; Apotic anhydride 


Pe SS SO 
(eR actions Involving: GarboxylKGroupy 

(i) Partial Reduction to: Alcohols 
Carboxylic acids on reaction with 


lithium:aluminium:hydride (LiALH4) are reducedito:alcohols- 


Ut LIAIH, 4. “ie ; 
CH,- © - OH +4{H] ——*> CH;- CH, - OH +H,0 


(ii) Complete Reduction toAlkanes 
Carboxylic acids on reduction svith' Hland red phosphorus give alkanes. 
CH,COOH + 6HI—> CH, — CH, +2H,0+31, 


Inthis reaction —COOH group is reduced to a —CH3 group. 


| Q. How would you convert: 
(i) Garboxylic acids into alcohols: 


= JACEMC 


a 


_(ii) Carboxylic acids into alkanes 


It is most important carboxylic acid. Its dilute solution is known as Vi 
the generalimethods described earlier. 


négar. Acetic acid'can'be prepared’ 


Laboratory! Methods | 


4, By the Oxidation of Ethyl Alcohol or Acetaldehyde 
_ ‘When ethyl-alcoholis oxidized with K5En0; and dilute H,SO,, acetic acid iis produced. 


CH, -CH,OH+[0] —“" > CH,CHO —“> CH,COOH 
. ASO, 


2. By the Hydrolysis of Ethanenitrile - 
Ethanenirtile on hydrolysis with dilute-HCl, gives acetic“acid through-acetamide. 


| ,,from Acetylene 


TfuecurelOTACElIC Ac 


Acetylene is treated with 20% HiSO, and 1.0% 
WU/o 


oxidised using V20s to give acetic acid, ewe 
18905 give ethanal’ (acetaldehyde) which j 
t é de) which is then 


HS 0; 


HC s GH +H,O ip pa T 
H,0 Hgso, CH; = CH~OH== CH | H V.0, 5 
2 iS “Oridation” CH; COOH 


2. From Fermentation 


Acctic acid is also prepared bin erci b h d 
i 1 rcially y the Oxi a io} fieth h 
7 f lacsess by apr 1 f - t idati in Of/et yl alco ol. Ethyl alcohol can be comnierci Ih 
i 10 ocess 4 i TChanty 


i alte sate tation. It'is oxidi nee 
{,50, to give acetaldehyde whiich is further:oxid} «tS oxidized by potassium dich : 
‘oxidized under, the Ay tchromate.in the, presence of 
‘lie same.conditions to give acetic aci ousons: 
: \ acid, 


CH, - CH, - ROO, oH 
1 ~ CH; < +[0] Tso, CH;- € = H+ H;0 
I 
SHi= Cane), ea: 
CH, -C-H+ [0] E> cHicooH 


(Characteristics 

Colours Acetic acidiis.a colourless'liquid'witha boiling-point 118°C 

Mager and reste: It has.a strong.vinegar like odour and sou taste. | 

Mee is ieee to an ice like solid at. 17°C, therefore, it-is.called glacial acetic acid, 
ith water, alcohols and cther‘in all proportions. 


Reactions of Acetic Acid 


Physical 


4 asa coagulant for latex in rubber industry. - 
in the manufacture-of plastics (polyvinyl acetate), rayon (cellulose. acetate) and silk. 


i) aoe 

; In medicine as.ailocal irritant. 

6) asa solvent in the laboratory for carrying out reactions. 

fi in the manufacture ofipickles. : 

slike acetone, acctates and esters. 


in 


“Amino, acids are organic compounds. containing both amino and 

carboxyl groups.” 
Seneral formula: 

Side SNS 

R 


AO) _Z7NH; 
1 Risa : - Amino.group ZA 2 
ifferent for different:amino acids. 


H : 
KS GOOH=—  ‘Carboxyl group 
[ 


The amino) group'may be pre: 
referredito\as a, B; y depending upon whether th 
the carboxyl!group. : 

© Almostallithe naturally occurring amino a 
e The aminoacids are very important because they are 


for-us. 


(a)\On the basis of nature 


FEBS 


sentat any carbon atom other than tha’ 
eg amino group is\p 


cids.are a—amino.acids. 
the building blocks of prote 


he'constituer 


t of the:carboxyl group (-COOH). They are 
resent.on the a, B, 7 carbon atom relative ito 


ins, Proteins are'very important 


its of most ofthe anima! and) plantsproteins. 


What-are amino acids? Explain thelr different 
types.with one example'in each case. ; 


(i) Acidic-amino.acids: . j 
“The aminoacids which containitwo;carboxyligroups are called:acidic amino acids.” 
Examples: : 

‘Aspartic acid HOOC—CH,— CH — COOH 
NH 
Glutamic acid HOOC — €H;— GH;— CH —COOH 
ee 
: NH) 
(il) Basic-aminoiacids: ‘ 
ino acids.” 


\Neutrallamino‘acids: 


(iii) 

“Thiose:amino acids which contain equal number of 
acids.” 
Examples: : 

Glycine CH, — COOH 

| 
a NH) 
Alanine GH;— | CH —COOH 


| 
NH; 


(b)\On the basis:of necessity. ” 


Onithe basis:ofinecessity, there are two Glasses of aminojacids: 


(a) Essentialiamino:acids : 
“The/amino acids: which |body cannot'synthesize 

_ They are ten\(10)\in numbers 

| Examples: 

{ Lysine, Valine, Histidine, arginine etc. 


“The amino-acids which contain\two:amino groups are called'basic'am 


ino acids hiboc are.called'essential'amino acids.” 
The essential'amino acids \must be. supplied'to our bodies through our diet: for, proper 


COOH : ee 


Examples: . 
Lysine GH, —(CH);— CH —COOH 
- | 

NE} NH) 
Histidine - HE=C= CH, = CH= 

ld] e 

‘\ ;- NH, . 

CH 


amino/and(carboxyligroups:are calledineutral| amino 


Complete‘diet: 

‘A. diet) which provides:¢ 
essential, amino acids: Is 
called «complete diet: 
eig., Fish, eg8 & meat 


s:all 


health vand\growth- 


i eee om ? a 
Se 


—— ' = wate 
SS 
—— 
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(b) 


Nomen 


ju, aes 


Non-essentialiamino acids 
“Those amino:acids which: 
These amino acids-areinot 
Examples = 


Examples: Glycine, ‘is:soin 
isolated |form cheese (from Greek tyr 
For the sake of simplicity, each: >I 
first: tliree letters ofithe common name 
Examples: The simplestiam(; : 
est: idiis; 
be repres@iil asi eo 


=cheese), 


lycine Which may:be abbreviated’asiGly. Similar 


rmulae-andiother:featuy 
‘mulae:and other-features ofsomeiam 


fe 7 nee O_o FOrm la ibe : 
CH=CH 
NH; 


_ GH CH—COoH 


Glycine 


Alanine 


| HG— GH, 
aan i dit. ll 
>roline HG ‘GHGGOH 
Ni 
‘NH 


" HOOC=CH;— CH COOH 


[Sx _ NHy 
"I SHOOC-GH;—CH)- ‘CH =COO) 
| 


bseats NH, 
CH; —(CH;);—CH —COOH| 


” He =C-GH,- CH COOH 


(er *|| (avant 
N NH NH; 


\/ 


‘CH 


amino acid\has been, oi 
> Deen, given an abbreviation which: generally.consists ofith 
ly.con ithe 


ly, 


alanine may 


_ Chapter 43 (Carboxylic Acids) 


Qua. What-are zwitterions? _ : 
Zwitterion (Dipolar ion) ; 
cule is called Zwitterion. 


An ion'that‘has positi twithin the mole 


ye and negative charges presen 


Definition: 
Formation: Inthe formation of Zwitterion, the proton (1) goes from the carboxyl group to amino. group. The Zwitter 
onic structure of an amino acid\may be wrilten:as: c 
: : H 
ill ee a : 
R-G Co) > —-R-C- 600 
NH, NH, 


Neutral structure Zwitter jonic structure 
also called internal salt. All g—amino acids exist largely in dipo 


The dipolar structure-is lar ionic forms. . 


TR — =} SU NTT si" 
AcidiciandiBasieiCharactersiovAminorAcids 
tions-ofiamino acids: may’be represented as: 


On the basis of dipolar ion structure, the acidic:and basic reac 


' 4, Basic character 
When an acid is'a 
is due'to'this group. 


died ito an amino acid, the carboxylate ion accepts'the proton and, therefore, the'basic character: 


_REGHeSD — RaGH=Coen 


I NH, 


NH; : Accapts the proton 


/Acidic character 
When.an alkali is added to an:amino acid, the*acidic character is 


due to this group. 


=NH’; group'releases the: proton and) therefore, 


R-CHGOO +OH——*> R- ‘i - COO +H,0 


: RET . , 
Amino acids can|be synthesized'by the following,reactions. — MCQ!s | 
- 4, By the reaction of:a—bromoacid with ammonia. : When» acetaldehyde 'S 
‘ treated with aqueous 
solution of HCN !0 


P 3 
R-— CH;COOH + Br R- GH COOH + HB 
i the amino acid 


7 ; ammonia, 
; Lee ¢ f di : 
R-GHCOOH+2NH; ——> R-GHCOOH + NHBr (eretyeine (ovale 
= t, . (c)Valine (9) we 

2, The Strecker Synthesis 

Ss When hydrogen cyanide is added'to an-aldehyde imthe presence ofammonia, a—amino acid‘is obtained. 
RCHO+HCN' NH, ——> pH SENS : 
: NH, 
a—amino nitrile: upon acidic’ hydrolysis yields-an o=amino:acids. 
+ 
FiO: 


Re Guien — _ RoGH-cooH 


| Amino acids undergo many. ch 


care ap ey 
Reactiomon/Amino/Acids 


emical:re ate 


4s esterification 


| Amino acids form aminoester when resis : group oF carboxy! group 
with an al hol 
R-CH-¢ Cohol in the presenc : 
ff COHWRROH = ee ce of catalytic amount of.a strong acid 
A 7 . ‘ NH; > 7 COOR!: of H,O Li 
(ii) Reaction with Nitrous:Acids NH 
: 2 


Amino acids react with nitrous-aci tet. 
; mb niitOus acid to produce o=hydroxy. carb xyli 
" R-GH-CooH — ‘carboxylic acid and nitr 
OH: ——p- F ‘ ogen gas 
| : Ho. «6 R-- GH- GOOH’ ce 
. | OOH '+N; t +H,0 : 


ale OH 


cids 


Ninhydrin:Test 
Ninhydrin reacts: with ami dito: 
ilso.widely“tised!to RE arin ca oe 
by, paper.chromatograph 


-~ = aad = — PEPTIDES 
Th mpou med” 
pounds formed by the condensation of two or More same or differe ; 
or: ifferent 


a-amino acids with the eliminati a 
‘Sees ination of-water.are called peptides.” 


er | gr g 
n \ 


: rman intensely: in In Raee ed 
amino. aolds separated’b ly‘coloured bluish violet product. ‘The ninhydrin reaction i 
= ( ! 1on 1s 


_ elimination: of water. The resulti 
} . The resulting —CO=NH='li i aay 
The formation of peptide is aa epee eeuied Sepia aes 
- Peptide linkage 


So aes =H,0 ie 
BN=CH=COOH—> HS GHEo Ne GH COOH 
eae 


H R 
Dipeptide 


Rees H R R 


Tee nentide ; 

ee ee 

Polypept ae Ones e resulting :po: yamide eae a 

ieee the number of aminio acids per molecule, the 
lipeptides, tripeptides, polypeptides etc. 


Peptide Composition 


Which are mado up of two | 
|| ‘aminoacids. | ’ 
'|\Which’are made upiof twolo ~ |] 


,|\nine.amino acids. 


H,N—CH=CO= hs = CH=G0|NH=CH=COOH 
—— alll leon 
Th Ri - == SHEAR ieee 
e Molecular mass of polypeptides is upto ‘10,000. 


The ; 
immer ofipeptide bonds can continue unt 
- Such a molecule is called polypeptide on 


il amolecule containing several hundred thousand amino acids'is 
protein. The molecular mass of protein is more tian 10,000” 


SS, 


Chapter 13 (Carboxylic Acids) 


seen one 
oe 


Organic compounds containing carboxyl group (- COOH).are called carboxylic acids, There are two:classes, of 
carboxylic acids i:e., aliphatic and aromatic carboxylic acids. Aliphatic carboxylic acids are also. called fatty acids, 
Garboxvlic acids can\be produced|by the oxidation of alcohols and aldehydes and'by hydrolysis of nitriles, 
Lower members of'the:series:are water soluble andihave pungent smell. Solubility decreases with the increase in 
- molecular mass. 
Carboxylic acids have ‘higher boiling points than the corresponding alcohols. Boiling point increases with thc 
increase inithe molar mass, ne 
‘Acidichlorides, acid:amides; esters and acid anhydrides are called derivative of carboxylic acids, 
Acctic acidiis synthesized:on commercial'scale from acetylene. 
Carboxylic acids containing amino group:in.their molecules are called amino acids. They are classified /as neutral, 
basic andiacidic amiino acids, 
Amino acids join together (0 produce peptides, A polypeptide has a molecular mass up to 10,000 whereas the 
molecular’ mass of protein is greater. than 10,000. . 


- SOLVED OBJECTIVE EXERCISE 
Fill'in the blanks. ; a 


; ~ (i) Formula ofimalonic acids: 
(ii) Methyl nitrile upon acidic hydrolysis produces — 
(iii) | Melting points of carboxylic acids containing even number of carbon atoms are 
lower andihigher members containing odd number. of carbon,atoms. 
(iv) Acetic acidion heating with produces acetic anhydride. 
(v) Acid chloride and/acid‘anhydride are called of'acid. 
(vi) Pure acetic.acid'is called 
(vii) Formula.of-alanine.is 
(viii) Proline-is.a amino:acid. : 
(ix) | Avpeptide having a:molecular mass more than 10000 is called 


— a or 
See en 
perpctsey 


ae 


than the next 


Answer Key. 


‘Acetic acid 


Glacial acetic'acid() 


Rese | 
CH;— € - COOH 


Indicate True or false. 

(i) Acetic acid'exists as a'dimer inibenzene. 

(ii) First three aliphatic acids have fruity smells. 

(iit) Carboxylic acids on reduction\with LiAIH, produce alkenes. 

(iv) Acetic-acid on dehydration: produces €O and 'H). 

(Vv) Sodium. formate on /heating:with ‘soda lime produces NaHCO; and hydrogen. 

- (vi) Amino acids exist-as Zwitter-ion, piaet 
(vil) Histidine is:an‘acidic amino acid. - 


; Scholar’s CHEMISTRY — Xn (Subj, ti 
AN Subjective 


(vill) A-peptide havin 

(ix) Phthalic acid'is 

() Formul 
Answer Key. 


4'mono 
sl of'glycine 15 


Multiple choice questions, Eneipe 

(i) Acetic acidiis Maliifactured b 
(a) distillation Bs 
A carboxy] Acid'contaj 
(a)'a hydroxyl group 
(c).a hydroxy] and carboxy] group 
Which acidiis used'inithe, 
(a) formic agid 

Which Of the following 

(a) acetamide 


Q3. 


(ii) 


ns 


(iii) 


(iv) 


Organic compou 
‘Compounds can 


X 
_ alcohol- 
ester 


nds, X andy. 
Z,¥andZhe? 
% d 
. ester 
alcohol 


(a) 

(c) 
(vill) An aqueous solution 

dioxide gas. Which on 
€)) CHj=CH-CH; 
Which of-the followi 
(a) Propanoic acid 


(iy . (b).CH;-CHO 

: (b) Acetic acid - 
Acetamide is. prepared by 

(a) Heating ammonium acetate - 

(c) Heating ethyl acetate _ 


(x) 


|[ Fermentation yi 
°QOH, Here - CO 


Molecular. mas 
Carboxylj 
CH;COoy 


le the correct 


(b)if rmen 


manufacture Of synthetj 
(b)oxalicacig 


acid (d) 


of an organic compound reacts with sodiu: 
: with: sod 
¢ of the following could be the ium ca 


ng is nota fatty acid? 


Supto 1 0900; 
Sagi IS calleg Protein, 


answer, - 


tati A 
p (©).0z0nolysis 


(d) esterification 


(b).a carboxy) group 
a carboxyl and: : 
ned xYlandian-alde} fi ’ 
fiber = ceroH 
(C) carbonic acid 
ire (d) Acetic acj 
prepared directly fromiacetic:acia: aed : 
(C)acetic anyhdirde ‘(@.ethylacetat 
acti acelate 


(d)'LiAIH, 


Z 


acid’ 
alcohol 


acid’ (b) 


ester « 


: ‘alcohol 
acid 


ester. - 


rbonate to, produce < 
i i 2 fo, uce 
organic compound. HB carton 


(c) CH\COOG,H;. (d) CHy-CH;-COOH 


(c) Phthalic acid (d) Butanoicacid 
i i, (b) Heating methyl cyanide 
_ @).The:hydrolysis of methyl'cyanide 


i a Reason 
elds alcohol which gives acetic acid by strongly oxidation= 


carboxyl’group.___ 


| Acetic ac iforms silk which i synthetic fibre. 
|CH{COOH reacts with NH to form ammoniu 
| acetamide on heating. —_ : 


———— = = - — = 
SS 2 ——— 
——> = ae 
= —— et 


SS HEMISTRY — X1(S 
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Stds) 


7-73-17 Ac la ee l : 
out lorsaey__ == Ci CH, OH HO aca iy). GH i 
Z Ty . = — 7 : . . : lV. t = Cc = OE 3 
~ arsed in scasoning of food. Mcthanoic acid 3 2Hs 
| w (b) Acetic.acid 5% CH;COOM is vinegar WEE if. Ethyliethanoate 
ee 


1150, CH, - COOH ie ae 
el alcohol Y = ale Z= | cH,COOH + C,H CH,COOCH, + H,0 Me (i) HCOOCH; he 
: 2 


—— : CO. + HG “Propyl:methano 
| (d) CH)CH;COOH Carboxylic acid + Carbonates —> Salt + CQ2 + H20 . >. Aniin oethanciemda | = ESR anoate 
(c) Phthalic acid i : 


How would'you convert acetic acid i into the following. compounds? 


2-Benzunadlearboxyilc wid (i) Methane (ii) ‘Acetyl chloride (ili) Acetamide 


| Phthalic acidiis aromatic acids or Phihatc acid (Iv) ‘Acetic anhydride 


eee = ae | AG [ (b) Conversions 
(a) Heating amnionlin CH, COONH, —* CH,CONH, +H, Acetic acid into Methane 


=a ae 5 SS ae ° CH3COOH + NaOH —»> CH;COO Nat + HO ; 
SOLVED ANSW: ERS TO EXERCISE : S CH,COOWa" + NaOH ae > CHy+Na;CO; 
Q4. Write down ithe structural formulae ofithe followings aa — 
0) Valeric acid {il) Propionic acld (ili) - Oxalic acid ii)  Acetic'acid intoAcetylchloride: 


(iv) Benzolc-acid “(v) Acetic anhydride. (vi) Acelyi chloride | 
‘Structural|Formulas. en ae j : CH3COOH + SOCh —> CH; - € -Cl'+S0)+ HEI 
iit ‘Waleric acid (Pentanoic acid): a Tip Propionic acid (Propanoic acid): — j : . == = 
: CH; - CH - CH= Ci = COOH | CH3~ CH) - COOH | iii) Acetic:acid!into Acetainide: ee 
(ii) © Oxalic acid (Ethanedioic acid): Tiliv) — Benzoic a CH,COOH+ NH, —>CH, coo NH, 


: COOH wy 
COOH CH, COONH, “2 CH,CONH, +H;0 
COOH - eels 7~ 


; Acétic‘acidiinto acid'anhydride 
(v) Acetic anhydride: j (vi)  Acetylchloride: 5 -t 
j OTe | CH,COOH+HO-C-— CH, —10:-> CH, 2 O-C-CH, +H,0 


i | | ! hy arid 
1 ’ CH;—€ —€] | | ‘Acetic anhydride 


-€-0-€-CH oR | 


Q5., --Write down'the: names.of-the. following conmmgunds by IUPAG. ESystem: 


a (b): T= : 

“Dilute (5'%) solution‘of'acetic acid inwatenis called vinegar’. 

soe Itis'a’ colourless essiliquic’ witha a.pu. ingent: ‘smell: and‘sour-taste., - 

Pte "eparg tioniofN ¢ 

_ When 
acetic acid, 


‘i xidizing agent Tike « acidified potassium dichromate it converts.into™ 


COOH . 
i Propanedioic:Acid 


Q10. 


(i) 


(i) 


(ii) 


(iii) 


:__ What'is peptide bond? Write the formula of a di 


eS 


Q 
| 


K,Ch0,_ CH, =€ —H+H,9 
HSO, mA 


© CH,CH, OH+[0] 


- * GH, =€-H+O]-= 


CH,-C-OH 


_ How. would you carry out-the following conversions?. 
(i) Acetic acidiinto acetamide _ (ii) 
(i) Acetic acidiinto acetamide : 
=e = ~~ . . - + sry 
CH3;COOH + NH3 —> CH;COO NH, 
“CH;COONH; —“-» CH3CONH: + 10 
ee 
(ii) Acetic:acid'into:acetone: 
2€H3COOH + Ca(OH) > (CH3COO)2'Ca + 2H20' 
CH;COO 


Ca —-+CH, -C-CH,+CaCO, 
. 3 


CHC 00 Yo Acetone 


What! happens. when'the following:compounds:are heated. 
(ii) 
Effect.ofiheatingion following: | 
Calcium acetate 
CH;COO 


Calcium acetate Sodiumiformate and soda lime 


(iti) 


\: i 
Ca "CH, =C=CH; +6260, 
CH,COO ‘Acetone 
Sod. formate and'sodailime 
HCOONa + Na@H_@O, 1. t+Na,co, 
> ; A e 
Ammonium Acetate ; 
SU.COO mn Beat Il : : 
GH;COO™N ———— CH3;—¢€ =NHp +30 | 


———— peptide, 
Peptide: bond:- = 


Spier 1S (Catbonyic ng, 


Acetic acid into acetone 


Ammonium acetate” 


A bond'formed'between: iandini me Fi : 
ond 'formed'between carbon and nitrogen atom in a:peptide or polyamide is called peptide bond. 


Inithe reactions! between amino'a 
amino acid: get:condensed with elimina 


ti 
or: peptide: bond. yet 


Is) 


Hae a 1 
cidspfle carboxyl group Ofione.amino/acid andiamino'group of i 
HO. The resulting (~CO=NH-) linkage is called'as peptidelin’ 


Se 


gcho 
_ 


Qig. 


jar’s CHEMISTRY = xit (Subjective) 
Sa : - 


Example: 
Peptide:linkage 
(0) 


H.N= a £08 « B= =coon S$ Hpi CGH-SOOH 
i : fale ier 


HR R H UR: 


j Dipeptide 
Formula of Dipeptide: 
i 
iaaeelie ; = ie COOH 
Hy OR 


Study the facts given'in (a),(b)and (c) below.and then answer.questions which follow. _ 


(a) A is‘an organic compound'made up of:C;H'and’O, It has a\vapour density 15. |Hint: Moleeular mass = 2 x 
Vapour density | pers 


dans _ (a) Molecular mass of organic compound!(A) 


Molecular mass = 2 x Vapour.density . 
=2%*15=30-amu ’ 

On reduction A gives:a. compound'X: Which has the*following properties. 
O) X is.a colourless liquid miscible with.water. ; 
(ii) X is'a neutral 'to litmus. : J 
(iii) When X.is warmed with a-few drops of conc. H)SO, followed) by:a little salicylic acid, ‘a characteristic 
smell!is produced, : 
(b) Name of organic compound (A) 
The organic compound contains €, H and/O, its‘molecular-mass is 30/amu. The\molecular: mass shows that it is 
aldehyde not:ketone or-alcohol. The reason is that the smallest‘ketone is acetone having molecular, mass 58 amu. 

The simplest: aldehyde which has molecular mass 30 amu_is formaldehyde. Thus compound (A) is 
formaldehyde. 5 “i : 


A= H-C—H (Formaldehyde) 
Reduction of Compound (A) 


fo) H 


. ' 4 | . 
u—O=H +H, Po H=o=0H 0 


in rar 
The reduction oficompound \(A) gives compound (X) having formula (CH; OD: 
Properties of X:(€H30H) ae prac 
(i) y Marto alsokol CAyOH is a colourless liguid miscible with water. 
ris ; ony aE fe: ‘to'litmus. * Marya! iy See 3 ee 
(ii) Methyl alcohol GH;OH isa neutral to sth Fay f'Gonc; H,SO, and'salicyliciacid 
aoe ‘ CHE: . rmed with few.drops.of Conc. rows alicy eae 
oe ene smell of methyl saliclic acid (C,H,COOGH,OH) is obtained. 


Se 


(c)\When X is:‘subjectedito strong: oxidation, it. gives compound |B, 


GOOCH, 


oly OH 
Mothyl! salicylic acid 


Salicylic acid 


which has the following\properties. - 


(i) B isipungent-smelling-mobile liquid. 
(ii) It. is miscible with water, alcohol or éther. 
(iii) It'is corrosive andiproduces blisters on contact-with'skin. . 
(iv)  Bican\be obtained!by passing; the vapours of A with:air-over platinum| black catalyst. 
(Vv) B liberates H, with sodium. 
(vi) It gives\COz with iNaHGO3. 

|. What ‘is: the molecular mass.of A? 

2:ldentify A,X and'B. ? . 

3:Give five appropriate reactions'to\confirm the identities of A, Xand'B. 

4:State'one large — scale use of either A,X: or B. ; 
() Oxidation of compound |(X) : : = . Beer oer 
When'Methylalcohol!(CH;OH);.compound X,.is treated with'strong oxidizing:agent itigives formic acid (B) 

. © 


© CH, OH+[O] Be H+C-H+H,0 
mo) 


I 
©. H-C-H +[0] 3S 7 H-C-O8 


H3SOQ, 
Properties. of Formic acid |(B) 
(i)) ‘Formic acid (HCOOH) is 'apungent:smelling. mobile liquid 
(ii) Itissmiscible with water, alcoliol'and ether due:to'hydrogen\bonding. 
(iii) Formic:acid|isicorrosive and produces'blisters when.contact with skin. ' 
(iv) Formic acid canibe’obtained! by. passing the vapours of formaldehyde (A) with\air over, platinum'black 
catalyst: 


fe) 
Nees 


® H~C-H.+50, > H-C-0OH 


(A) (B) 
(v)) ‘Formic acid'(B))\librates‘H; when)reacts with'Na | 
2HCOOH:+ 2Na —)/HCOONa.+'H; 
5 Sodiumformate 
(vi) Formic a id (B)'gives CO, with NaHCO 
| HCOOH + NaHCO; > HCOONa + CO; +'H30 
‘Result: ; 
A = Formaldehyde (HEOH) 
B= Formic acid'(H€OOH) 
X = Methylaleohol{(CH;OH) 


:(a)|Lactic acid 


ed J 


Write four uses of Acetic:Acid. 
Write down)the structural ‘formulas;of: 


(a)\Isobutyric Acid §=—(b)'Oxalic‘Acia 
What-are essential and non-essentialiamino acids? 
What are acidic amino/acids?'Give'one exam | i 
How the Hydrolysis of'Estersigives carliiayiie acit? 
How the Carboxylic acidicanibe'convertediinto i ic 
Write 'structuraliformulas of: esemmolacds? 
id (b) Iso=butyric:acid 
What are zwitterions? Write equation. 
Whatiis a\peptide'bond? Write the formula of'a dipeptide 
How’ethanollis:converted into acetic acid and vice versa: : 
Theimolecular mass \oficarboxylic acids becom sic 

R esidou : 
Write downithe: structure formula of Si ech Gee 
(a) Valeric.acid (b)| Histidine 
Whatiare fatty acids?’ Give anexample. 
Define proteins. How/do these differ-from polypepti 
How will. you'convert : omipsneRe eee 3 
(a) ‘Acetic acid ‘into acetamide (b)/Acetic acid\into acetone 
How. do) the'followingireagents)react:together? Give reactions with'conditions 
(a) CH,COOH'+ HI (b) GH;COOH+Li- ACH, nthe 
How. acetic acidiis, prepared'on the.commercial scale from‘acetylene?. 
What are basic amino,acids?iGive|two examples. 
Whatiis Strecker synthesis? 


= <O- >, 
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MACROMOLECULES | 


NTRODUGTION: 


Keceptance of the macromolecular hypothesis came about.in:1920's Z at 


“Macromolecu ‘are’ ecules'bui 
4 ‘ les On polymers‘are large molecules’ built‘up from 
smallirepeating:units called monomers:” 


+ The development of the,process of polymerization\is;, perhaps, one:of theimost'signi ‘itt vaechenii 
where itvhas had ithe major effect/on everyday life. jperhaps, one: significant things chemistsihave done, 


+ Theworld wouldibeartotally differentiplace without‘artificial fibres, plastics, etc. : 


+ Onevof the: most significant: changes as been the gradual replacement of natural materials such as wood/and|cotton 
with man-made sysithetic, polymers. : 3 


» Allipolymers are macromiolecules'butiall:macromolecules are not ! MCQ's 
polymers. AD tek Which of the following is 
Forbetter. or-worse.wearelivin vinia lastic”socicty. nota polymer? . es 
(lassification of Macromolecules (DNA —_{(b) Nylon-6,6 
Macromolecules:can'be classifiediinto the'following:types. : (c);Graphite: (d) bacton 


Macromolecules 
Wo. Bee 
inorganic & Organic 
v 
Giant:molecules - ] ; Bie ent 
; re Blovol\ Synthetic polymers 
(Diamond, Graphite. Blopelymets y y P 
and'Sand) _ Lipids, Proteins, Carbohydrates sssties:Synthetle 
and Nucleic.acids, etc 


Fibres, Rubber, et¢_ 


EYMERS _ 


olecule build up by-the repetition‘of small co —S——S ea 
and simple chemical units (monomers) iS called ~ ‘inear polymer: 
polymer.” —— 1 
n (Monomer) 22222» (monomer), sige 
Poly Fi oF Branched linear, polymer, 


The word polymer is derived from: Greek, polymeans ‘many’ and 
mer’ means ‘parts’. : 
For a compound to occur as: monomer, ety 
Sides or. bifunctional. 

The bond'in each polymer is covalent: 


maya 
= pt | 
—— + =k 


“Cross'-linked linear polymenor 
interconnected polymer 


st have two reactive 


ne 


These are the polymers in which the monomers are joined together to form long straight chains. c.g, Polythene, 
PVC, polyesters:and nylons, etc. ; 
(ii) Branched chain polymers Sg Saas 
In these polymers, .the:monomeric units are joined to. produce long-chains (called the’ main.chain) along with:side. 
chains of different lengihs which produce:branches, e.g. Amylopectin, glycogen, etc. 
(iii) Cross-linked polymers t 
In these polymers, the initially formed fincar: polymer chains are joined together to form a three dimensional 
network structure. e.g. Bakelite, urea-formaldechyde-etc, : 
Q. Whatis:D:P? How can.you calculate the molecular mass of a polymer from its DP? ple 
Degree of polymerization (D.P) ; 
“The number of repeating units which determine the length of the polymer chain is called degtce of 
polymerization”.- : 
Calculation of molecular mass: eos 
The molecular.mass of a:polymer.is the product ofmolecular. mass ofithe repeating unit andthe DP. 
Example: : 
Vinyl chloride:polymerizes:to give polyvinyl chloride (PVC). 
niGH,= ‘i ———s =e ENG eee 


Gl i Gl Cl 
. Sale Vinyl chloride Polyvinyl chloride (PVG) 
Where the DP ofpolyviny! chloride is 1000 and'molecular-mass its repeating-unitis.63. 
Molecular mass.of:PV.C = Molecular. mass of, repeating-unit x DP 
= 63 x 1000 
. = 63000 

Hence, the:molecular.:mass of polyvinyl chloride is 63000. 

Most high molecular mass polymers are ug¢ful for making plastics, rubbers or fibres, etc: and have molecular 
masses between 10,000 \to 1,000,000;-The properties of polymeric materials vary widely, depéiding upon the chemical 
composition and structure’ of the macromolecule: : = ¢ ; 


The polymers may be'classified!in ainumberofiways as: wT - 
) Onithe'basis of heating ¢ffect Gil): On the basis oftsynthesis 


A: homopolymer: is formed! by: the polymerization ofa single typelof monomer; 
For example, the polymerization of vinyl acetate. 
nCH;=CH —>+ CH,~CH—CH, cy =CH, = CH. - 


OCOCH, O€OGH, - ease 
Homopolymer (Rolyvin 


OCOCH, 
Vinyliacetate 
E mopolymen 
1. Polyethylene — 
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3. Polystyrene 
4. Polyacrylonitrite (PAN 


(ii) Copolymer: 
A copolymer is formediby the:poly; 


For example: Vinyl acetate reacts with 
nCH,=CH +nGH = CH. 
: 


©COCH, COOBu 
Vinyl acelate, 


‘COOBu 
Butylimaicate 


}or Ottoni| 
5. Teflon (Polytetrafluoroethene) 


GsHiCH = EH; (Styrene) 
H.C = CH= GN (Aeryionitrile) i 
EC GF, (Tetrafiuoroethyiene). 


Merization ofitwo differentmonomers together, 
butyl: maleate to Bive.a copolymer. 


CH-CH = CH = CH: —CH,—CH 


OCOCH, COGBU COOBY _  OCOCH, | 


3 CH30H {Ethylene:glycol) 
(i) HCG (E:H,) coocH (Dimethyl terephthalate} ; 
(I) HOGH, ~'CHIOH (Ethyleneigtycol) 
i{tl) HOOG (GgH,). COOH (Phthalic acid), 


3. Nylon “66 


(iii) Terpolymer: 


1] GY RIN(CH3}, NH; (Hexamethylene diamine) 
{il) HOOC(CH,), COOH (Adipic.acid) 


(i) HCHO. (Formaldehyde) 


1 (ti). GSHZOH (Phena}) 


Th terpolymer, three different:monomers are polymerized'and the polymerization reaction'is:carefully controlled: 
For example: Combination of buty! acrylate, methacrylate and acrylic acid monomers gives a highly tough: polymer 


. Which serves.as.a weather-resistant-paint: 


wae re 


lyme 
“A polymer which ‘becomes softened repeatedly 
on/heating:and!hardened when cooled withia q 
little change in properties is called thermoplastic 
polymer”. aes, 
They can be remoulded, recast.and reshaped. ; 
Weak intermolecular forces are present which: 
become weak on heating. 


They are less brittle and'soluble in some organic 
Solvents, 5 
They are formed! by. addition: polymerization. - 
They. have'usually linear structures. 
Examples: Polyth flon; 


"= _“Thermosettingipolymers _ 


tA polymer ‘which becomes hard on heating and! 
cannot ‘be softened again is called thermosetting: 


polymer”. 


They. cannot be remoulded or. reshaped; : 
Strong intra: molecular forces are present that is why: 
thermosetling polymer, ‘on ‘heating, ‘decomposes; 
instcad\of melting. eats eB aI43 

They are more brittle|and|insoluble:in organic 
solvents. : 


- 


\process into two types depending:upon 


' 


fithie polymerization 


—S———— 


Chapter 14, Sy ; . 
sea eee ; : 345 
ee ee -n growth polymerization kainh sy eeu Satin = 
1. Addition polymerization oF chain gro --aiination LD nGH;=CH —— » =cHef{e . 
2. Condensation polymerization or step growth polymere | 52°C “CHA Gn chanel 
: 4 dott Cl 
, Gl 3 
3 te) ee : oe cl 
ee Accisrenionibolymerization ition of plasticizer nie 
TAuitionle ain Bi see ondensatlOnieowimMenzavon) , Addition o plasticizer improves the flexibility ofthe polymer 7) 
ACL AR i - = ° . 
a itThe 


polymerization in which monomers. havin 


Uses: i : 
It is widely used in: ae - Substances, which are 
(i) floor coverings (ii)ipipes (iii) gramophone recorders, etc (> sSometimesjadded ito) plastics 
: . E Lene to impart.viscosity, flexibility, 
softness\or other: properties 
to finished produces, are 


PA ; 
“The polymerization in which unsaturated 
monomers combine to form @ product 
(polymer) without the elimination of small 
| -molecule.is callediaddition,pol merization”. 


Tt.involves free-radical mechanism. 


functional group combine to give a product (polymer) 
with the elimination’ of small molecule (e | 
H;0/CHjOH).is called condensationipol STERN 
"Ttdoes not-involve free-radical mechanism whether itis. 
ionic in:nature. 


ah Sa Rl ee 
Addition polymerization (freeiradicalimec ) 
‘Initiation: 


rx 


q ; it is also an addition polymer and is obtained by.the polymerization of 
“ \ —— - —— : ; ri ithe polymerization of - called _plasticizers/usually 
t completes: in three steps: ie. Initiation It completes ina single step. styrene in the presence of'acatalyst. . - rm esters of phthalle'acid: 
-propag ation.and‘termination. jd. —— nCH,=GH ——+ =CH;-{CH=CH};,CH- Eg. dimethyl phthalic’ is 
The length of the chain. increases only from: "The length ofichain increases from|both ends/ sides, : A de | added) to. soften the: hard 
one side,: Example: GH, , GH; CH, ‘PVG, 
Example: Terephthalic:acid'and ethylene glycol are condensed to Styreno Polystyrene 2 
Polymerization ofstyrene. . . give Dacron = Uses: 
ncH;=CH ——* CH AGH CHIH ] | Polystyrene is usediin the manufacture of: ; 
| ei afro =C ¢ -[DH#H)0 - CH, - CH; - on} — (i) foodicontainers (ii) cosmetic bottles (iii) toys (iv) packing materials, etc. 
CyHs. C,H; : CH, Ethylone glycol 5 a 
Styrono Polystyrene Sy acid ro) Ss ; WRT e eon te — mre 
I | nPolyvinvliacetate (PVA eget 
f c © —O-CH, - CH, = of +/2nH,0) Itis an addition polymer-and is obtained by,polymerization of vinyl-acetate. 
: an , 
Dacron (polyester) oF j 


n CH, =GH——»-}- GH; CH=CH, — CH 


— 


f shanism OcocH, “OCOCH; + 


PVA 


@COGH, ie 
1 i , * PVA isa colourless, non-toxic resin. 
5 : 2 . as . > : é ¢ Th si «4: i J 
: : R-G-0-0-6-R = A ey Gas e resin:‘has a characteristics odour. 
ltis mostly used as: 
(i) an adhesive material 


-Q, What are acrylic resins and 
give their.uses? 
Coe: = é Organic peroxide 


I 


2R-C-O-——>  2R+ 260; 


(i)'2 binder-for emulsion'paints. 


o P ion: Siyeat ten st Be 
H Serer cH ——> mis syle Resi : inyliresi a ost important monomers of.acrylic resins are: 
_R+CH,= it > “R-CH,-¢H : . Acrylic:resins are closely related to vinyl ‘resins: SaOcH P 
y ; | 
. es: CiH;. s! a : I i ra wae : ie Severs ie 
a ye er eneoout 2) Grate es Gri=iGhi7 Ct 
( : R-=GH;-—GH+GH;=CH : — , x Aerylie acld : ” Methyimethacrylate Acrylon 
dg | GH, =CH——» RCH,~GH—CH;-CH Uses: ; + 5 
Be eae Se cH Si H ~ tis used.in:the manufacturing of: So ass d.weather resistant paints 
Termination: x ae : Seen: ts for car industry ci = ae 


(i);plastics ; di), pain 


R€GH; ~ cH )#R ——> RCH, - CH}; R 


raneili2! diol) and!aromatic) bi:functional acids 


| é = ISSUES ee eersieaction (ole Icoholi(et 
sae r"" ‘ CoH; : ‘(benze Polyester resins.are te product ofthe reaction oF 0 ae ot ies = 
CARI) : ne 1, 4 dicarboxyoic-acid): 8 > 

WY COS. GAO ; sees “Sor = 0 (- 


ore 


ZBRIE 


% O- , 
: . : : 1: oH. =-075 +2nH,0 
— i = ——> LexO).c-0-e™ OFF . 
nu ¢-(O)-¢ as CH; ort : $ “pox in 


Ethylene gtycol ae, Dacron (potyester) 


Uses: Terephthalic acid 


This product haga large number of uses in: 


Sent eRe va iio ak 


Chapter 14 (Macromiolecuies) a 


{i) clothing i thin 
(ii). polyester is often’blended with cotton or wool for summer and winter als E 
(iii) polyester resins are also used for making water tanks, efc. 


Paap ES es ° 
GiPolyamidelResins f th aliphatic dicarboxylic acids. Onc ofithe most. ° 

These resins are formediby the condensation of polyamines with aliphatt cepted as aigeneric name for synthetic 
famous condensation polymers discovered is Nylon. The word Nylon has beeniaccep 
polyamides. 
Nylon -'6,.6 
. © Nylon -6,6 is the most-important polyamide. peeing ‘ 
° tis obtained'by. heating adipic acid '(hexanedioic acid).with hexamethylene dianuine. 

6,6: : ; Be ed and] diamine, both: 

ee Siaeees nylon6,6 derives its: name from its starting materials adipic avid atid hexamethylene diamine, both-of 
whichihave:six carbon atoms. 


igs 


10) 


ae ee H aellcaursaaain 
a nHOeloHyGon +.nH,N(GHi)NH, > -C(CHi)E f NT Ea eee TARCANE 
. _Adipte acid - y! , 
Charactertstics:of Nylon)Fibre: ree 
It has'‘high strength; elasticity, toughness.and abrasion resistance. 


Hoxamothylonediaming 


Use: ; as. 
Nylon.is: mainly used as:a'textile fibre. 


e Theepoxy resins are fundamentally polyethers but retain their name on the basis of their. starting, materials and the 
‘presence ofiepoxide groupiinithe polymer, ey te L 
° The epoxy resin.is made’ by condensing.cpichlorohydrin with diphenylol propane: 


iene 
Ho-(O)-¢-(C)- oH 
OvF 
_ GH. 
Diphenylolpropane 
an eet ials which gi ‘flexibility adhesion anidichemical 
(i) The major use oftepoxy resins is in‘coating materials, which give toughness, flexibility, adhesion and: e 
resistance. 


(ii), Industrial materials, thermal) power stations, packing'materials are coated with epoxy: paints. 
(iii)\ Dams, brid es, floors:etc,.are painted:with epoxy.resins, > - 


IN a 
H,G = GH - CH; - Cl 
Epichlorohydrin 


(b) Polyamide resins (c)'Epoxy Resins 


NY: RS : ; Sas, 4 Naan of 
“Most biologically important substances are organic compounds: built-up from skeleton of. carboniatoms. Many 


. : : 5s Be de an fiving 
them are very: large:molecules and most of these are polymers. The folir major classes of organic compounds in 
cells.are.carbohydrates, lipids, proteins and'nucleic.acids. _ : 


Definition 
hydes and'ketones:are calle 


t hydrate (hydrate 
an\empirical formu 


~ 
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assification of Carbohydrates 
The:commonly described Classification is 8iven'beloy, 
: Siven'below, 


Carbohydrates 
Sugars) ; 
* Crystalline solids 
* Soluble in water 


. * Sweetin taste 
+ Micromolecules 


Nott - sugars 
* Amorphous'solids 
* Insoluble in, water 
* Tasteless 
+'Macromoleculas 


Monosaccharides 


« Simplest suger. 

* Cannot be hydrolize 
vAldoses or Ketoses 

o,g, Glucose, fructose elo, 


: Oligosaccharides 
: ae # monosaccharides 
ehydrolize — J 
vit * can be hydrolize 
i ie eee * Have structural and Storage function 
2 ae | rate, 1, 0:0:-Starch, Cellulose, Glycogen ete. 
Ib ia achat amel mei lt shoes 3 i © i : 


Polysaccharides 


*'Contaln more than 9 monosaccharides 


® These are simple sugars which‘canno 


UE tbe hydrolyzed, 
° They have an empirical formula(CH;0), where n =3/orsome'l 
¢ There-are 20:monosaccharides which occur in'nature, 


Classification of Monosaccharides 
Rumberon@rnona 


p—_3C | Mroses | Having citer 
|__| Tetroses ~] Aldotriose = Glycersldehyde 


‘Pentoses 7| Aldopentoses = Ribose, -Xylose 
ey Aldohexoses = Glucose, 
| __7C | Beptoses ving ketonte group = Ketones 
[8c | Gictoses _~)} Ketotriose = Difydroxy acetone 
i “~"“Nonoses. 1) Ketopentose = Ribulose nie 
: \{:;Ketohexoses =!Fructose; Sorbose. 


arge'nuniber, 


fide Blucose‘also called: , ne sats ; 

Wer Tose because it: occurs:in nature:as the optically, active dextrorotatory, isomer. : 

ii) jen eee because it is,present'in'most sweet fruits specially grapes and'in honey. nepal are 

conta God Sugar because small quantities: of glucose are also; preseat'in human: blood and‘ urine, The! bloodinormally 
uns.65\to 1110 mg.of glucose.per.100:mL. ~ 


eh obined:state, it forms aimajor.component/of many, disaccharides and polysaccharides; 
“ike Source’ of chierpy:ii courbody. .. : < 


Gl 
- Glucose 
‘(open chainform) 


= a -D-Glucose 
chain form) ===> B-D-Glucose z{(Givcose (cyclo rer) Fs 


nn ned ee ee ie A eee st Sa cig rOONLEE 
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Rc e stags. 
Prichose is 5 also found in:combined and free 


itis used as a aweeteningagenl jn confectlonery. 


itis used as a sanstiite ofcane sugar. 


H=— 
GH,GH 


Fructose (open chain form > Fructose (cyclic, form) 


€ompare Alpha and(Beta/Fructose 


yi he Beta position is defined as the -OH being on the sume side ofithe ring asithe € #6. In: the ring: structure this results in 


a upwarils pr ojeetion for the -OH on carbon #2, 


The Aipha position is defined as the -O1! Berne onthe oprosite side ofthe ring asithe © # 6. Tit the ring: structure this 


results Ina dowaward projectionifor the -OH an carbot 2 2, 
Doub Dont te 


/ at ~ OH Beta-{somer 
oN i 
ay CHLOH ~ 


Z a 
H—G—OH 
H=C—OH 

Ip >. Aconat oxygen 
CH,OH + becomesam ether 


Fructose {sen cnain farm) 


“The carbohydrates which are formed! when two to: 
by glycosidic Hinkage by the loss of'w; 


nine monosaccharide units combine 
er molecules are called oligosaccharides.” 
or 

“The carbohydrates whichupon) 


hydrolysis by. watertin tii 
enzymes yield:iwo ormore mon ‘ ee fe 


: osaccharides: units are called oligosaccharides.” 
Examples: 


{i)'Sucrose: It.is‘aicommon: table sugar-and isia disacch 
pineapple, apricot, mango,-almond;.coffee:and honey. 


GH,OH Ns 
WV ec 7 ~. Fb . j A——0x a5 | 
on *9 Ni NY Ae 


aride of glucose and' fructose. It occurs:insugar cane, sugar 


Glycosidic 
linkage 
CH,OHZO. 


CRGH: 


a 7 


H bn ; by : 
u-D-Glucese Frictose 
(Sucrose), 


(ii)/Lactose '(milk-sugar):Itis.a disacehar;, 
in plants. charide Of glucose and 


Oo; ote 
galactose, It occursii inthe milk ofiall) aii Idoes 


_ 1g | GHEMISTRY — XD (Subjective) 
plat: 
C,,H,,9,, + H,0 


' Lactose & HO.+ CH, 0, 


; ; Glue 
a disaccharide-of twoiglucose molecules, . Ose Galactose ' 


C,,H,;0,, +H,0 zien 
Maltose ' (Enzyme maltase) 
r paffinose: {tis a Trisaccharide which yields.three Monos 


_H0 : 

Maltose 22, Glucose'+ Glucose 
“0. 

lactose 22, Glucose +.Galactose 


4s yaltose: [tis 
‘ walt 7 HO. 

dey + 
Sucrose —2S 5 Glucose + Fructose 


2€,H,,0, ‘ 
Glucose: 
accharide Molecules on Hdrolisiss Ith 


tt 


as: molecular formula, 
(le 


Cyly,0,,+24,0. ony C,H 
Raffinose 


Fass Rediicing'su Sugar i 
D-Glucose, D:Fructose 
Maltose, Lactose 


120, +C,H,,0; + C,H,,0, 
___Glucose Enictose Galactose. 


Glycogen, Cellulose 


“The CMthiohiyarates; of high molecular mass which yield many. monosaecharide 
molecules on'hydrolysis:are called polysaccharides,” 
1 The general formula of polysaccharides:is’ (CiHi00s),. e.gestarch, cellulose, glycogen etc. 

“14, The polysaccharides are: 
(Jamorphous solids 
frincipaliFunctions 

() They are. used as energy storage: compounds (starchi in plants and! glycogen i in‘animals:andiis stored:in 


the liver and!muscles). 
(ii) They aré-used for building structural elements oficells (cellulose is:used to form: cell walls and other syle 


features ofthe zn) 
bjstarchi(G.HidOs gai wat res 

This a white: oe suibstance.with no taste and’smell. tis the most'important source of carbohydrates in 
lunan diet; The chief commercial sources of starch are wheat, rice, maize, potatoes and barley. i 
Such is-a,polymer of o-D-glucose. Starch is not’a|pure compound. qh js:a\mixture’ of two polysaccharides, 
iniylopectin whitch canbe. separated 'from.one.another.. — 


(ii) insoluble in water (i) tasteless (iv) ‘non-sugars: 


amylose and 


eaten Of'ac=P) D:Glucose avin 1, a 
‘Glycosidic linkage. 


ra'= Link (1 Ly 
(G.-C) 


f..<D= glucose) 


H (o} 
44 Glycosidic,linkage) 
Link a 
Ge Gy) 


Structure of amylose\| (retymen x) 


ee ee ree 
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eG 


ee 


fora nela) 


CHOH oy. scryeosiaietinkaae) 


2=Llnk 0 {4,5 Glycesldic.inkags} 


rofia -D - giucose) 


Structure of amylopectin (Polyme 


Uses of starch: : i pane 
(i) Its uséd'in coating and sizing of paper to improve the writing qualities. 
(ii) [tis alsé used in laundering. 

* (ili) Itis.used inthe manufacture of glucose and ethy! alcohol. 


(p)iceflulose 


The most-abundant structural polysaccharide is collulose, 


Occurrence: 
2 Some 100 billion tons of cellulose arc produced cach year by plants. For examp : 

woody parts ofitrecs are generally more than 50% cellulose. rE ; : ae 
e Its present mainly in the plant kingdomibut also occurs in some marine animals. 


Structure: a aj) ae > 
It ig. a polymer. of B-D-glucose. It is an unbranched polymer consisting: oftlarge: number (upite 2500) \ot1 
residues joined'to cach other t! roush B-1—)4 linkages. : 


§CHOH: BH OH 
Cellulose (Polymer. of f-D-Glucose) 


(ciGlveogeny 
Qccurrence: é = ge: 
Itoccurs mainly in the liver and-muscles. Animals store’ glucose inthe formiof glycogen. Glycogen 's 
‘animal'starch’. ~ ; : : : S 
‘Structure: : : pena ts 
‘Its structure closely resembles with that ‘of amylopectin having I-»4 and 1-36 glycosidic. lin 
glycogen is much more branched molecule than amylopectin, On hydrolysis ityieldsiglucose unis. ? 


fe, cotton is.99% cellulose and th: 
- groups are called compound or conjugated proteins. The: non—protein, parts 


glucose 


also call 


ages: jure 
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Proteins are the nitrogenous campounds made u 


‘ : 5 p of variable number. ino aci 
contains at least 10.000 different‘kinds of proteins, of amino acids, Ty 


Proteins are present in all living organisms and 
muscles, skin, hair and‘other tissues that make up the bul 
Elements of Proteins: . 


without proteins life would not 5 


~@passible. They are presenti 
kofithe body’s non-bony structur i D aaa 


e Major elements present in proteins.are carbon, hydrogen, oxygen, nitrogen, 


and phosphorus. 
e Trace elements which are p nee 


resent in protelare iron, copper, iodine, manganese, sulphurand zinc. 


(a) Based on the physico — chemical properties 


Based on the physico — chemical /properties, proteins may be classified into three types. 
1. Simple proteins 2. Compound or conjugated proteins 


jesimpleiproteins 


These proteins on'liydrolysis yield only amino acids or their derivatives. 
Examples: ; 


(i) Globulins,are insoluble in water but soluble in dilute salt solu 
is found)in muscles and also in‘plants. 


3.:Derived |proteins 


tions. They are found in:animals; ig, ‘Jactoglobulin 


(ii) Legumin and collagen proteins are present.in the connective tissues ‘throughout the body. They. are’ the most 
abundant proteins in‘theanimal kingdom forming some 25 to,35% of body protein. a 


(iii) Albumin jis‘the principal component of egy white and/are soluble:in water and dilite salt'solutions. 


Napieohprovelni®. JProstitetic Group || 


‘Those proteins which are attached ‘or conjugated to some non-protein 


| Nucleic acid 
‘Sugars 
Lipid, e.g,, lecithin 
Phosphoric acid 


‘Nucleoprotein 
‘Glycoproteins 
Lipoproteins 
Phosphoproteins 


are called prosthetic groups. 

Examples: 

(i) Phospho-proteins are conjugated with phosphoric acid, 
(Gi), Lipoproteins are conjugated ‘with lipid substances like'lecithin, cholesterol and fatty acids. 


[Derivediproteins 


ae The ‘protein which are'derived: from simple and conjugated proteins by action of heat, physical'forces or chemical . 
actors: . : 
Examples: 5 

Proteoses enzymes, peptones, oligopeptides,, polypeptides, etc. 
(b)|Based:on their functions — 
Based onitheir- functions, proteins may be classified :as 
(i) _regulatory.or hormonal proteins (ii) 
Gi) _ Transport,proteins 


' Complete Hydrolytic Decomposition 
| Protein —»)Protease ->:Peptone —> 
: peptides: Amino acids: 


act; highly convoluted molecules with the post 
describe the structure of a!protein in;an organism, 


So a 5343, ‘ 
The majority-of prateins:are|comp: 
etermined with great precision. To 


sition'of each atom relative to the: 
ivis necessary to specify the 


others 


= a 
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en Characteristics of lipids 
Proteins assume at Icast three levels of structural i 1. They are insoluble iD Water-and solable in non 
5 r S ass Their primary tithe: Z 
: aay an See nase 2, ‘Thi primmsiry building blocks are fatty Th Ubenzene, g 
troosdimensionat sip . 3. They a ulilized by the living i 
peace There are three Major “food factors” heeded for} 
ce ander atari 4 orhuman body. 
(i) Primary structure ined in:aipeptide clidin is-called as the primary's 2 OF Sie (i) Carbohydrates iii) T 
amino'acids combined iniaip 3H, iats and oils are in various t cs iS ficd are of nape: a f ; 
The sequence of the amin CH, ne human diet. .[t S Taw miaterials for hoes 2 Wechn Ok Stet nutritional value. Fats and nits aren 
: ts | costiidlibinsints : Paw i s MURCre of Soaps 
GH, . ms Te a 
l | i 


f f and detergent: paints, Varttighes « F 
HiN j é c N aN AN cS Ait ‘ rea; i re and'ails are ani; 
s aN and! are anim 

Se WW Ne7 ox ia Zz | 


Aninal fats are lucated Particularly in 
| H if | i Onn ' made from milk, y 

; SH : 
CH,” AH Primary structure ‘of protein 


+2 ether, chloroform ap r 
c, 


nd (Kats and Oils) 


as. plants >; Te Oreonisnyy, 


adipose ti ANS: (lu tteren : 
HOSE tissue celis, (>, 2 and izhee area Special type ifaniniat Als which ape 
Vegetable oils are 


chiefly Present-in Seeds 
: o Marine oils are obtained from sea 
re ae 2 oe 2 tide chains caused by hydrogen ve 
(ii) Secondary ene: rotein is a regular coiling or zigzagging of polypep Structure and Composition of Fats and Gils 
A . ae 

The Secondary REN ‘oupsioh aniinoweids: =o f ANninial and Vegclable fats and oils have sithilar:chesmjc: 
Gondingibetween NEt on gi ; iarysUruicureron prnteine fong chain acids called fatly-acids) 
(iii) Tertiary structure difolding ofthe, polypeptide chain results inithe tertiary s 

Reet isting and folding 5; ' 
The three. dimensional twisting 


———— r rnary. structure. 
: uaternary. structur 

Some.proteins also. possess afourthstructure-called!the.g { 

ne. p et EAE Ae at 


and nuts of pay: 


animals like salmons ani Wwhales.ete, 


_ B= OH ® Glycerol is commonly caiiog 
— pay 

Q What-do you mean by denaturation of proteins? 

12. d c 


as glycerine..ttis trihydric 
Denaturation of Proteins: 


5 | alechot 
iologi ivi “he structure of proteins: canibe e 
tural proteins ‘is responsible for their biological activity. The s 
: ra f : om 
ie See iF ye "Gi Change inipH : A ttiester of glycerol is.called atriglyceride or glyceride or 
eee (ii) (Ultraviolet: radiations (i | , 
Ge xidizi ducing conditions, _ ; A 

iv) Ui ly oxidizing or reducing 

(iv) Under strong 


© itis colorlass olly uid with 
| SWeetish taste, 


. Wi ‘viglve ols. 
g T ‘OFS. 
Under such conditions the pr ‘oteins under (0) denatur ation nacvigl er 


a ; Erase: == 
t ' (iO C= (CH) cH > CHA(CH,)— cH, 
; oh a : heyhelical CH~O~C—(CH,,—cH, 
i ‘ when itis cooked, T 
For example: f albumin; the principal component of egg white, takes place 3 : ee 
The denaturation of al s 1 | | 
structure of albumin disrupted. 


imisi ible. 
ib ation. ofalbuminisirreversible. . 
tionicanibe reversible or. irreversible. The.denaturationof 
Denaturationican: atts 
reer ren nen EERE SS 


— = 
14. Write:down:the importance ‘of proteins? 


z : E ‘ Timon Cc— (GHi)ia= CH, 


7 i = 
- “FR O-C= (CH) =CH = CH=CH) = Ch 
(CH=CH, : CH.-O— c= (CH CH= CHaCH), = ey 
fe) 
Glyceryl trioleate:(an‘oit (Olein} 
solid are. tenned 
b ling poinss of glycerides would dependionithe 
= = . : i mare ated ‘olvevyiil | y “ry ‘low meltine 
= : ; oftlife: J urated ‘givcerides have very, elting 
Riclovical nce: : 5 iich:is the*essence ofiall!forms pelos 
Biclogicallimporta ssentialpart'in the formation of protoplasm whichis the carriers. of heredity fromione andiare solids, : 
Dees ne swhich are complexes ofiproteins with nucleic acids serve as , C e = 
Pe é ieins:which: eee 39: 
(ii) Nucleopro ; oe ible 
f other. an < ‘life Isnot;possiole. 
Seis biological catalysts are,proteiniin nature. W ae a Some roles act as : 
ii) Enzymes.w ae oti oglobin'acts-as a.carrier of ©. a , x . a : hehe : ae ; 
: (i D Many prateins/have specialized functions. Hse iS feinsulin'and Thyroxitic etc. Lipids are naturally occurring organic compounds of aninyals and’ plants origin which are soluble in: oreanic 
© idarmonts which have; regulatory/function: kqgexampledos 5 ati Solvents and'belong.to a very heterogeneous group of substances, : 
. peor Grete Sane ; as Tes jpitation afithe ; a = mdicile-- 
‘industrially ae ee of leather made: by tanning. of hides, This is essentially a precipita Differentiate between fats andioils- 
. 4 familiar with the use a ies o * ae = — > - 
(Gi) Weare fam t son 
roteins with tannic acid.” : 1: , Pi vater: 
Ps eusta is obtained by heating bones. skin and tendons inywater. eae 
a Caéeein is another. protein usediinithei manufacture ofibuttons and) : 
iii s ales 
"_ Giv) Ibis used in’bakery.goods. 


acids mostly solids or semi. as fats. Glvcerites having 
extent of unsaturated fatty 
points and are. liquids (cits), 


“A. glyectide in which the long chin unsaturated Tatty 
<Cominate is:¢ ‘| acids predominate is called Oil, 
They are usually _| Thevare usually ee 
iimelting and boiling points, || They have low melting and boiling points: 
ly obtained from animals. Hf 


wey have high 

: ° ; Sa See TN hig ap SS 

“The naturally occurring organic. compounds ofianimals and|plants origin general 
Which are-soluble in organic solvents:and'belongito awvery heterogeneous 

group of'substances are‘called lipids.” 


ils are generally obtained (fom plants and marine 
Meaning: The-wordllipid is derived from Greek, ‘lipos’ means fat. 


animals, 


Structure: 


q 
CH,—O— g = Ceres cH 


CH—O-~ C—(CH;)y—CH, 
CH;-O— G —(CH).—CH; 


oO e 
Glycery] tristearate {a fat) (Stearin). 


Tones: 


Lipids are classified as: 
1, Simple Lipids 3 : 
These are esters: of fatty acids with:glycerol: For example, comnion fats and oils. 
2. Compound Lipids 
These contain radicals in addition to 
lipoproteins :and‘lpopolysaccharides. 
’ 3, Derived or Associated Lipids 
They are the hydrolytic’ products of the above mentionedicom 
this class-of lipids. 
PhysicallPropenties 
{. Qils-and fats'may either be liquid/or non-crystalline solids at room temperature. 
2. When pure:they are'colourless, odourless:and'tasteless. 
3 


Glassificationiofikipids 


They are-insoluble.in\water. andireadily soluble in organic-solvents like diethyl! 'cther, acetone, carbon tetrachloride and 


carbon disulphide. *s ‘ : 

They readily form emulsions:when agitated with'H;O in the presence of soap or other emulsifiers. : = 

They, are,poor.conductor. of heat-and electricity, anditherefore serve as excellent-insulator for the animallbody. 

Se eee ; . . ; . : 

ChemicaliPropenties 

1. Hydrolysis - 
Triglycerides.are easily hydrolyzediby enzymes called lipases, to fatty acids andj glycerol. 


CH=O=e=R CHIOH om | 
; - : 2 ill} . 
GH=O=C—R + sHO'-=* GHoH + 3R=C—OH 
_CH-O-G-R ; CHOH ‘Fatty.acid 
; milo) Glycero! ' 
’ ‘Triglyceride 


2. Saponification = en 
‘Ttis:the hydrolysis ofia:fator an‘oil with an'alkaliito:form soap (salt-of fatty-acid) andi glycerol: 


CH= O= sR CHOH! - @ 
CH=-O—C—R:.+ 3NaAQH —=—> GHOH + ale 
ae 
CH-O=G—R :-GH,OH Sop Bry 
: 23OrY - : Fee 
= 5 eae = Telotyceride 
3. Hardening of Oils it 


Unsaturated glycerides react-with hydrogen in the’ presence of ametal catalyst to give saturated glycerides. 


resuilt.is the conversion of a'liquid glyceride (an oil) into a'semi=solid glyceride (a\fat), 


This: reaction is;used commercially to) harden: vegetable oils into vegetable gheeor margarine. Hardened ioi 


extensively also used‘for making soaps and'candles. = 


Chapter 14 (Macromolecules) 


fatty acids and alcohol and include glycerol phospholipids, sphingolipids, 


pounds. Sterols, vitamin D.and terpenes belongito. 


getialat’s CHEMISTRY — XI (Subjective) 
9 a : ° : 325 
ea — 6 = (CH), —CH = CH~(chy),— CH, - g 
=e eee . SHO b= (Gn). 
fe MDS CHE GH (CH= Gl megs NUCL ae Soe 
: 21-8 —~C— (CH), —¢ 
ijn (CH). CH, 


CH,-O— C= (CH;),—CH = CH~(CH)),=~ CH, * 
| a ‘CH-0-— € —(CH))—Ch, 
_ Glyceryl trioleate (an oil) ‘ 


EE @) 
Glyceryl tristearate (a fat) 


Define saponification: number and iodinehumber. Discuss 
aA AST ee ——— 
ification Number 


mae 
WS, 


the term rancidity? 


“The number-of milligrams ofipotassitim: 


required to saponify Gne gram of the fai 


hydroxide or. sodium hydroxide 
t or- oil is called: saponification 


j number.” 
for example: 
: > © ft » . 
CHa Chis (0) GH,OH 
a =O-€=6,H,, + 3KOH:——_> 3uHy =e —OK' + CHOH. 
: CH,-O- G—6,H,, c _ -CH,OH' 
< i ecrarsapsrnitate reese ee Siesta! 
' 807g of glycerol.tripalmitate requires KOH = 168000 mg 
; 7 - . 168000mex!' Signification:: - 
1g of.glycerol tripalmitate reqiutes KOH= “aie =208 mg nani that - fat with:high 
Hence, the saponificationinumber. ofglycerolitripalmitate is 208; | saponiiication pumas J UE 
Rancidity /OflRa = . * — sole ee fatty acids and 


Fats or-oils are liable to:spoilage and igive.off an odour:known as rancidity. == 

tis mainly caused'by the hydrolytic or oxidative reactions-which release’ foul'smelling-aldehydes and fatty acids. — 

Oils from sea‘animals which contain:a relatively, high proportion of-unsaturated acid chains deteriorate rapidly. z 

lodineiNumber | . 7 

~ “The number. of: grams of iodine which will addito 1 00;grams of sony : 

._a‘fat or an‘oillis callediiodine number.” : ‘ 

The extent-of unsaturation:in:a fat or anol is expressed in terms of its‘iodine number. The value ofiiodine number 

depends on ithe number. of double bonds present in the acid component of the glycerides. The glycerides with\no double 


bonds have zero iodine number. 
Na ineiiccwe el 
AcdiNumberg 


“The number of milligrams of potassium hydroxide required to, 
: neutralize one'gram of fat‘is called? acid number.” rid 
The acid number. ofa fat or an oil tells the amount ofifree fatty, acids:present init. 


Steroids 

Steroids are naturalli ‘ring lipids. Their parent nucleus has 

EKO > naturally occurmg "pics. © = : + 

mitvdrocyclopentanophienanthrene® component whitch consists of three six 

ities tings (A, 'B and.) and one five-membered ring (D). These nings:ate 

or fused to each other-and'have a\total af 17-€ atoms. 3 ; iem give rise to 

com Vet. small: variations in the bonding of atoms in the ring and in the gers ee <o pounds belonging 
5 Pounds that are.remarkably ‘diverse in their: biological functions. Some ofithe natura ane adrenal cortex. 

Steroids are cholesterol; ergosterol, male and'female sexchormones and'the hormones:oi\U on 


Structure:of SteroidNucleus 


Chapter 1S Wiacromoleculay: 


aan d imal sterol and:occurs inall animal'tissues putionly “ afew bee s 
i S ant animal ster . : _ animal tis . cep, yolk, vari 
Seales both in the free as well a eens ae ti eideposls in the arteries enistanibien 
oils and fats and nerve tissues. Its increased quantities in blood make plaqu g blood 
pressure and other heart diseases. eA 
Hear, | 
Ni : 3 H 
GH; b—cH—-CH— GH CHE 3 


CH, 


d 


lie Steroids are often found in 
association with fat. 

o They are separated from fat | 
after fatiis saponified, since 
they occur: as 

unsaponifiable residue. 


s 
e 
Fr 
= 
‘= 
vo 
is 
c 
a] 
> 
x 


OH Structure of Gholesterol 
2jETBOStENO! Z : aes ‘ 

It is sterol of fungi and yeasts. When irradiated with ultraviolet rays, itis converted into 
er socalciferolior vitamin! D2. 


=iphospholipids por 
Phospholipids have great biological importance. In the compounds, two of the 
hydroxyligroups are esterified with fatty acids.and third) forms ailink.withphosphortc acid — 
or a derivative ofiphosphoric acid: | 


ee n—reas| 


Hydrophobic tail 


‘ 


(i) They are good'source ofenergy.and|make the foodimore'palatable: 
(it) They exert: aniinsulating effectionithe nervous tissucs. 

(iii), They are goodienergy reservoirs inthe body. 

(iv) Lipids are main\partof cell\protoplasm andicellimembrances. 
(v) Some lipids act:as precursors of very importantiphysiological compounds. For 
example, cholesteroliis:the. recursor.ofisteroid!hormones: 


Whatisithe chemical nature of enzymes? Discuss the cas 


“The reaction catalysts of biological systems produced by living cells 

andiare ‘capable oficatalyzing chemical reactions are called'enzymes.” 
Typically.enzymes.are macromolecules with molecular masses ranging‘into millions. 

Se ee a : 


Sa 


IPrOp 


SSE 


Substrate: Ge i 
Substances on which enzyme | 
acts to convert then) into 


| products are‘called substrates: 


(i))Extraordinary’specificity c 
Each enzyme catalyzes only one reaction or one group:of closely related 
reactions. 2 : : ; 
(ii) Amazing:efficiency oi 
They:may. speediup:reactions upto 107°. 


ExceptioniTo Protein Nature 4 
) Ribozymes are few RNA 
| molecules with enzymatic | 
| activity and: are non=proteln |, 
in nature. 


‘Enzymes are either pure proteins or contain proteins as essential 
components and in addition require non-proteim components which are also 
essential fortheir activity. 
‘Apoenzyme . 

The. protein comp 


onentofithe enzyme:is called'apoenzyme. 


Scholar’s CHEMISTRY — XII (Subjective) 


Goenzyme/ Prosthetic Group 


The non-protein. componentiis called the co-factor.or.co-enzyme ; 


oRnzvmewn vesclees 
eae Enzymes Saltese 
Carbonic anhydrase : 


IB 


Sironeoniies ci 
GhacoseG- phosphatase | 


‘Tnorganic.ion 


Organic compound 
‘Organic compound. 


Nicotinamide adenine dinucleotide || Nicotinamide vitamin 
| _ Vitamin‘B, \ 


Complete structure of apoenzyme and’ 
prosthetic group is called as'holoenzyme. 
Apoenzyme + Co-cnzyme ~ = Holoenzyme 
(Protein part) (Prosthetic group) : 


the substrate on which\the enzyme acts. 
For example: Urease, sucrase, cellulase are the enzymes, which act 
uponithe substrates urea, sucrose andicellulose respectively. 
ran y TIM oc OY eyomeerre et i , 
GlassificationiofiEnzyme 
International/Union of B 
4. Oxidoreductases 
These enzymes catalyze oxidation-reduction reactions. 
Examples: Oxidase, dehydrogenase and|peroxydase. 


io-Chemistry (IUB) classified\enzymes into six: mainitypes. 


2. Transferases iu 
These enzymes’ bring about an ‘exchange of the functional group such as phosphate or acyl between two 
compounds. : : E 
Example: Phospho-transferas¢s, cte. 
3. Hydrolases 


“These enzymes catalyze hydrolysis. 
Example: Tlicy include proteases called protolytic enzymes 
4. Lyases ’ 


These enzymes catalyze the addition:ofiammonia, water: or‘carbon dioxide to;double! bonds or-removal(ofithese:to 
form double'bonds, , en 


Examples: Phosplio-glyceromutascs. . 
5..lsomerases: : 
These enzymes catalyze.the transfer. ofigroups.within molecules to:yield\isomeric| forms ofithe stibstrate, 
Example:!Conversion of fumaric acid'to maleic acid inithe,presence of fumarase: enzyme. 


6. Ligases 


These enzymes link two molecules together throughithe breaking ofthigh energy bonds. 
g ~§—COH, a carboxylase and’succinic thiokinasc. - 


1. Specificity ; ; 
Enzymes are specific in their action which:means that an:enzyme «vill-acton only one substrate of a‘group:of 
closely related:substrates. For example, liexokinase:catalyses the conversion ofthexoses like glucose, fructose and 
mannose to their 6-phosphate derivatives’ but: glucokinase isispecific for glucose only. 

2. Protein. Nature : a — se 
Enzymes with few exceptions:are protein ininature. They are produced! by living cellsibut act'in vivo as wwellasiin 
Vitro. N ; ; 

3. Direction of Enzyme Reactions 
Most enzymatic reactions are reversi 

4. Isoenzymes : F : ait oat 

These are the enzymes from the same organisms which catalyze: the same ‘re 


‘ 


bleiie. the:same enzyme can catalyze reactions in‘both’directions. 


action: but are chemically and 


~hysically distinct from ¢ 


ach other. - i 


Chapter 7A (Macromolecules) 


eee iA 


; : beat aoe on a , fation of 
The rate of'an enzymatic reaction is‘directly proportional to the concentr 


the substrate. ‘ 
The rate of reaction is also directly proportional to ‘the’ square 
concentration of enzymic. It means that the rate of reaction also:incre: 
increasing concentration of enzyme. 


{ii} Temperature 
The enzymatic :reaction occurs best at : acai 
normal body temperature. The-rate of chemical reactions is increased by awrise in 
temperature but this is true only over a limited range of temperature. The 
enzymes usually destioy at high temperature. The activity of enzymes 1s reduced 
at low temperature. The temperature at which an enzyme- reaction occurs the 
fastest, is called its optimum temperature. 3 


(iii) Effect of pH — ire : ead, 
Just like temperature, there is also an ‘optimum. pH atwwhichan enzyme willicatalyze the reaction atthe maximum 


rate. For example, the optimum pH of salivary amylase is 6.4'to 6.9. 


(iv): Other Substances oe 
The enzyme action is also increasedior decreased in the presence of some other: substances such as co-enzymes, 


activators and inhibitors. For example, some enzymes consist ofisimple proteins only such as insulin. Mostiofithe 
enzymes. are, the combination ofa co-enzyme and an apo-enzyme. - rk ee 
Activators.are the inorganic substances which increase‘the enzyme activity. For example; Mg" and:Zn*" ions:are 
the activators of phosphatase and carbonic anhydrase enzymes respectively. en a8 
Inhibitors are the substances. which reduce the enzyme activity. 


(v): Radiation - : Ei os . 4 
Generally enzymes.are readily inactivated'by exposure:to ultravioletilight, betarays, gammatrays.and X-rays, 
borane So 2 : SEH 


SS : RLS 
lmportancelofEnzymes 


Enzyme activity 
(Rate of Reaction) 


root of the 


ases with the le 
Enzyme Concentration 


> 


or around 37°C which is the average 


ctivily 


Enzyme a 
o 
= 


by SS naa : . * om . j 3 3 : nan 
Enzymes are of great biological importance and are of great help -in-the diagnosis of certain-diseases andihave 


2 proved:very-usefulias drugs. Pep : 
Examples: esy . 
(i) ~ Alkaline phosphatase is-raisediin:rickets and obstructive jaundice. 
{ii) _ Lactic dehydrogenase or. LDH: is raised ‘in heart diseases. 
(ii) ‘Thrombin is used!locally to stop!blecding. 
L-asparaginase'has proved very useful'in the-treatment-of blood 
cancer-in children 3 : : 
See 


bes Rees 


i | "(Nuclease) 


(Recieotides| 


Gai 2 {l 
. Phosphoric'acid: + 

: GES 
..| Nitrogen'Bases’ +(Sugars] 


iPurines ~ (PRibose 
Or. {Or 
iPytimidines 


(Hydrolases) 


a _Deoxy nucleotide tripliosphate = DNA 


“4a Cancer research involves aq 


“gdiola’s CHEMISTRY. 
SE aS ERY A Gubjcctivg 
" , oes, 


Nucleic acids were fj 
Miescher. 


i 8 Cellias well.us.in.y; aa 
genes, : Wellas in viruses and hav 


They soniain in their structure the 
organism. | ; 2 
The nucleic acids are:re 

. aro (a) their ability tore 


© been. found:to be the Sssential.components of the 


and ribonucleic acid (RNA). 


synithesls of proteins, oproteins, The nucleic acjds direct the 


Nitrogenous. buses are cither 
pyrimidines include, cytosing, 1 
A nucleoside is a combination of nitrogenous bas 

, Vepending upon ‘the presenée of ribo or a a 
deoxyribotiucleoside. © 
Deoxyribonucleic acid (DNA 
informaticn to. work.in the cel 


Puriftes include. adenine and guanine whereas 


coxyribo, nucleoside can. either be’ a -ribonicleoside of 


, Nucleoproteins = Nucleic acid’ + Proteins 
_ Base + Sugar > Nucleoside - 
: Base + Sugar—PO; = Nucleotides 
Sere : Furins Pyrimidine - - = 
DNAand_RNA differ in three. ways. ee 
ime vee in-RNA is ribose while the sugar.in DNA‘is 2-deoxyribose. . 
four different bases:are foundin DNA cytosine (C), thymine (T ine’ i T 
; , thymine (1), adenine:(A)-and.guanine!(G). In: i 
- docs notioccur andiits place:is taken by uracil! (U). . : eee Ae eas 
DNA is:nearly-always double stranded, while RNA is usually-single'stranded, 
soniandiGrickiModelioFONA ad 
a ate key tothe ability of DNA toipreserve genetic information and‘to pass it on from. generation'to:generationiis 
don le-stranded structure, first deducted by James. Watson and Francis Crick in 1953, This was:the discovery: that 
ated the ‘field of molecular biology. : 
info, Watson and Crick noticed ‘that ‘the double. stranded structure provides a micchanism whereby the genetic. 
mation:can be duplicated. This'process:is called:replication, The synthesis of'a polypeptide (protein) involves a series 


ofevents which : 


purine or a-pyramidine) with a sugar (ribo or deoxyribose), 


) carries the, genetic inf ion'andiri ic acidi(RNA) isi ; . 
; ger Ormation'and ribonucleic acid!(RNA) is. involyed inputting this 


ae sree 


7, 
! 


FEAT 


7 —— ee 


ae oe 


i 
a 


wh ithee Gs 20S 


mi 


= 


Differentiate between'DNA and RNA? 
5 == : aor REP eE: me ae Dy 
Sy ee BETO on Tees 
Sa ee clcic acid 
RNA stands for Ribonucleic acid. 
ar uscd in:the-structure of RNA ribose. 
jtrogenous bases ie. Cytosine, andiuracil, 


ai6. 


DNA stands for Deoxyribonucleic acid 
The sugar used in the structure of DNA.is 2-dcoxyribose. 
It contains nitrogenous bases i.c. Cytosine, thyamine, 
adenine.and|guanine. 
{tis double stranded. 
It. carries the genetic information inthe cell, 


li contains n 
adenine and) uanine. : 
Ais single stranded. 
w the genetic information-to-work:in 


1, Macromolecules are large molecules built‘up from small units called monomers. 

De" The organic: macromolecules are biological and non-biologicaliin nature. ae 

3. Biological macromolecules-are calledilife molecules and non-biological are manmade synthetic po yar 
4. The|polymer chains may be:linear, branched or.cross-linked. : ie adi 
3, Adhermoplastic polymer is the one which can’be softened and'hardened'by heating. and'cooling respectively. 
6. Asthermosetting, polymer is once whichibecomes permanently hard'on heating. 

+ 7,.. The polymerization:process involves additioniand condensation reactions. 
8. .  The.formation of polyethenc is an example of addition polymerization. 


9, Nylon, a polyamide and terylene, a polyester, arc examples of: condensation polymers. 
10: Carbohydrates, proteins, fats, andinuclei acids are natural: macromolecules. 

11. Carbohydrates are the most abindant biomolecules on earth. They a 

oligosaccharides and polysaccharides. q 

y ar¢ the polymers ofiamino acids. 


12. Proteins are the essential components ofvalliliving organisms. The ‘ - 
13. Lipids are naturally occurring organic compounds of animal and plant origin and they are soluble in organic 


solvents. Fats-and oils are'the most important lipids found in nature. 2 ; f eal 
14. Enzymes are proteins'that catalyze chemical reactions in living organisms. They are very. specific in'their action. 


SOLVED OBJECTIVE EXERCISE 


re classified into. monosaccharides; 


Q1. _ Fillin the:blanks. Nee 
(i) Macromolecules:are'built up'from small units called. 
(ii) Nylon is a. polyamide and terylene isa____. 
(iii) Nyloniis prepared'by thereaction‘of ___and'hexamethylenediamine. 
(iv). ‘Basedon their thermal propertics, plastics are divided into _ main classes. 


Ww) ‘Polyvinyl chiloride is a plastic. 
- (vi) Glucosesis stored/as_____‘in\the'liver. 
(vii) Glucose and'fructose are water carbohydrates. 
(viii) Protein after. digestion changes:to ___-_. c 


Ofinucleic acids: 


(ix) Purine and pyrimidine are 
the flexibility. of the;polymer. 


(6:9) Addition ofia)plasticizer 
Answer Key. 


| scholar’s CHENUSTRY — XII (Subjective 


Q2. 


Answer Key. 


Q3, 


Indiczie Prue or false, - 


(i) 
(il) 
(iii) 
(iv) 
(v) 
(vi) 


> (vii) 


(viii) 
¢h9) 
(x) 


ae 6,6 anditerylene are condensation polymers 
: e isposal ofiplastics does-noticause any pollution problem 
‘ructose Is a polysaccharide carbohydrate, . ) 
Human beings geno food nutrient from cellulose. 


1 lic most abundant and the most impor lants teroid in the hv man body IS vitamia D 
' ; 1 . : ene 

y . ae i 

Enzymes are the compounds containing C;H and 10} only. 


nie cee of unsaturation of fats.is measured 'by their:iodine number. 
vity ofan enzyme varies With temperature and pH 
Nucleic acids are biological catalysts. 


Ti e = . soe 5 . . : 
1 nucleic acids are responsible for protein synthesis:in the human body. 


i) [his @ lim To] 
roe fae | Fae Go [te [oo [a 
ME iGin| anal 


Multiple choice questions, Encirele the correct‘answer. 


_ Which one of the following is a water soluble vitamin? 


Ga aaeeh processes are smallorganic:molecules:made into miacramoleculer 
a) the cracking. of petroleum fractions (b) the fractional distillation of crude oil 


() i the polymerization of ethene (G)) the hydrolysis ofi proteins 
Which of:these polymers is an addition polymer?. 
(a)'Nylon -6,6 (b).polystyrene ‘(c) terylene (d),epoxy.resin . 


Which of these polymers'is.a synthetic polymer? 
(a):animal fat _((b) starch (c) cellulose 
Plastics cause pollution:problem|because many plastics. 
(a) are: made from petroleum (b) are very. inflammable 

(c)'burn to produce toxic fumes (d) decompose to;produce: toxic products. 

The fibre which'is made from:acrylonitrile as monomer: 

(a):PVC (b).rayon, fibre (c) acrylic fibre (d) polyester fibre 

A polymeric substance that ‘is formed in. the liquid'state and'then'hardencd 'to:a rigid‘solid jis:called: 
as : : 

(a) fibre 
Vegetable oils are 
(a) unsaturated fatty, acids (b):glycerides off unsaturated fatty acids 
(c):glycerides of'saturated fatty acids (d) essential oils obtained 'from plants 
Which one ofthe following elements in not'presentiin all proteins? , 
(a) carbon (b) hydrogen . (c) nitrogen 


(d);polyester. — 


(b) plastic (c), varnish (d) polyamide resin, 


(@) sulphur 


(a) niacin (b) riboflavin (c) trypsin (d) ascorbic acid 
Which one ofthe ‘following enzymes brings about;the hydrolysis of fats? 

(a) urease (b) 'maltase (c): zymase -(d) lipase 
The.reaction:between fat‘and NaOHiis:called. i : 
(a) esterification (b) hydrogenolysis (c) fermentation (d)‘saponification 
Which one ofithe following statements about:glucose:and sucrose is incorrect?’ 

(a) both ‘are soluble in\water (b) both are naturally occurring | 

(c) ~ both are carbohydrates (d)' _ both are disaccharides 


08. _. Point out one differenceibetween the com 


ounds;} 
(a) Glucose and: fructose ) neach.of the following, pairs. 


: (b) Sucrose:and) maltose _ (¢):\Cellulose:andist 
(c) The polymeriention’ of = GH es 
2 


400 atm pressure : La 5% . a ae 
ethene taues a0, 10.4%) ae ary aE Peak SES Trructosey, = fructose) 


ren Glucose is an TAIMOREROSE containing. leh Sou 


== sH— I 
n GHy=GH = Soe, | -c-H) wee) 


C,H; C,Hs .  GHs. 
Styrene Polystyrena 


i ‘d) ‘Polyester "As nolyester-is manmade, polymer. 


(iv) |(d) decompose to produce | These toxic products causes air pollution. 
toxic products 


TC) acrylic'fibre cH, =CH SEHR SCRE 
| 


GN _ GN GN . 
; | Plastic become softened on heating and’ hardened :when.cooled, 


ted [Th vert into glycerides of saturated . fatty acids (ghee) by) : ! = —— ee 
de afruneatorat h saatiGn: eee * aa ‘Its:cylic structure.contains hexagonal ring./.e. having Its cyclic structure contains pentagonal ring i.e. having 


oii | a) Sulj hur | Sulphur is not.essential clement/of: protein while. others.are essential. a] : sixicorners. eHIGA | five'corners. 
[ Ascorbic acidiis vitamin C. i tee [ 

&)_[ca)ilipase ‘Tiyelycert yi acids andiglycerol ie eee At 
Gxt) fi 0),Saponification. * | Inithis:reacti is. formed. . Pt NH ; NA 

| (xii). | (d)iboth arc. disaccharides 'Sucrose:is disaccharide glucose isnot. 

SOLVED ANSWERS TO EXERCISE 
@6. Whatis'the:repeating unit in each of the following polymers? 
(a) Polystyrene _(b). Nylon-6,6 _(c) Teflon (d) Orlon 

FS} © Repeating.units in following polymers: 


(b) 


: SAN - @ and’ 
‘Sucrose is a disaccharide of c-D-Glucose and fructose. | Maltose'isa disaccharide ofitwo.a-D: Glucos 
att OH | fructose. 


Ngai Rats OR aaa Soe : 5 all 

—— 2 Bol <== i a < Ee ax ae: : 2 2 A cHIOB 
| Polystyr ene : - 1 ‘ . ii ~ ds re 
~ 6:6 i ~ Adipie acid’ (Hlexanedioic acid) a 

} HOOC— (CH3); = COOH {= : Sucrose. 

io Hexamettiylenediamine i = = 

{CH3)5= - ¢ : 
ae : i = =e “Starch : 

eet Strach is obtained from plants,and are used In 
human diet. 


(i) ltisthe) polymenof-a:D-8 Jucose 
(i), Itemay,form: branched structure. 


(i) Géllulose is the carbohydrate: argauced iby plants (i) 
but:not/digested:by human diet ; 
|\(ii) Itisithe polymer of,B-D-Glucose. 
H)=CH—-CN Ati) ti ed polymer. - 
CH)= CH~EN (iii)_ itis an.unbranch poly 
Acrylonitrile 


Q11. 


ere : : i 


Whatis the difference between 2 glycoside linkage and & paptide linkage? 
a a 

Pols tae act 

The linkage formed between two 

carbohydrates is called Glycosidic linkage. 

It:is represented as 

-@-@-C- 

As-aresult.of this linkage, disaccharide is formed. 

fe 


AB Pall 0 u soy” 
woah H 


The linkage formed betwee idliial 
called peptide'linkage. 


Itisrepresented as 


t 
— c —-NI2 
linkage, peptide is formed, 


Glycozhtlc 
Nakeg: 
{Sucrasa) 


Pepild 
(Dipeptide) 


= 


ae 
[aan ere 


What are fatty acids? Giveioniexample. 
Write:openichain'struciure of: 

(a) Glucose | (b) Fructose 
Whatiareilipids? : 

Whatiisithe effectiofithese factors upon reactivity:of Enzymes: 

(a) Radiation - (b),  Enzyme:concentration. 
Differentiate| between thermoplastic andithermosetting| polymers. 
Whatiare\saponification number andiiodine:inumber? 

How polystyrene is:prepared? Givelits twoiuses: 

Write.down ithe structure ‘oficholesterol. 

‘Write down ithe:chemicalinature ofienzyme. 

Whatiis ‘starch? Differentiate ibetweeniamylose’and amylopectin. 
Write down:uses:ofiprofeins. : 

Writeicyclic structures of glucose. 

How are'the polymers Classified on the basis of thermal properties? 
What.are'steroids?" Giveitheir general istructure. 

Whatiare polyamides? Give the formationiofiNylon'6, 6: 
‘Differentiate: between Glucose and)Fructose: 
For Answers Study, 


Scholar's CHEMISTRY. (Objective) Xl 


- gS at =f Ke Pe a? LEE a 
Alternative To Practical (ATP) 
is Also available in Market 


Chapter 14 (Macromolecules) 


COMMON CHEMic, 3 | 
MIMON CHEMICAL INDUSTRIES IN PAKISTAN 


introduction 
At the time of inde fa 
pendence iin 1947, Paki 
Country has undergone a structural chins Gifs eae ‘ee 
now making imany hauschold products like, som Ghee ie 
like iron, cement, fertilizer, paper, anditextile are'alsoen th es 
The-natural resources are'bein mae 


vot To mest thts tection tion and increase lin the standard ofiliving all over 
busy in\the development ofthe substitute materials” 


silk, wool!cannotimect:the clothing requirements of 


(technologists are} 
fibers:like.cotton; 
rtificial fibres, 


ee 


_ FERTILIZERS 
farly History = 


Agriculture is one of the oldest inatiee k ; 
tegting:offeBPiculiure. Sica OGnETc Ty known ‘to ‘man. The use of: manure:as a: fertilizer dates backste thi 
ita 00'BiC. the: Chinese usedianimal manure as fertilizer. se 


, 


“A manure is an organi i ili d 
i ganic material used‘to fertilize land and it‘ usually consists of:faecesiandiurine of domestic 


livestock.” = 


Q5 (a) What-are fertilizers? Why are they needed? 
"Fertilizers 
The substances: which are added:o ‘the soi ficien § fie 
j L ed:to'the soil to make up the deficiency of ‘essential elements like. nitroge 
iphosptiorus and potassium '(NPK) required for the proper growth ofiplatits.are called fertilizers. ae 
xamples: Urea; KNO3, manure, NH3., (NH;)2' HPO, etc . 
NeediofiFertilizers 


Fertilizers enhance the natur, ility of the soil\oi . 
2 : natural fertility of the soil the: all ae arte 
previous:crops: ty or replenisy theichemicali elements taken (up from soiliby the 


a 


hoses ee 
prpessentialifor plant Growth 
es ants need ‘nutrients from the soil for aihealthy growth: The‘elements essential forthe plantgrowth can'be 


ii at ann ha = 
Into.two'classes;:micro-nutrients:andimacro-nutrients;. 


=_Uifferentiate between micronutrients and macronutrients. _ 


We Macronutrients 
The futrients;which are required in'a very large 
amount for:the growth ofiplants are called 
smacro-nutrients. : 


hr yi x SS rere rere Ener f: 

——— Th zm =jMicronutrientse)~ 5) - 
Aas whichiare:required!in'averysmall - j 

i unt for the growth ofiplants are called micro- 
Dutrients, 


i 
om ue a 


+ 
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= These includes N, P, K, Ca, Mg. S,C, H_andi@ 
o These are generally required:in quantities 
ranging from Skg-to. 200'ky per acre. 


e These includes B, Cu, Fe. Min. Zn, Mo an? Chlorine 
jo These are generally cequired ii quantines caning 
from .6e.t0.200p per acre, 

Requirement of afertilizer 

. very compound of the desired elements co vot ue avfertilizer 

. The desired elements should be present in ie compound inva water 
readily available toithe plants, 
The compound employed as fertilizer should be stuble in soil 
deliquescent or setito hard stony materials with tine, Above alliitshouldibe cheap tom 


soluble forin (so that the plant can take it up) 


as well as in storage ¢.g.. it should not be 
anufacture, 


Q.6c Write.down the essential’qualities of a good fertilizer. 


Essential qualities of.aigood fertilizer 
‘Phe essential requisites oft agood fertilizer are: 
The nurientelementsspresent init must be reaily available to the plant. 
te must be fairly soluble in waterso that it thoroughly mixes with the soil. 
ht should not-be-injurious to plant. 
iushould'be cheap: 
{tmust be stable so that itis. available fora longer time foithe growing: plant. 
It should novalter the pH ofthe soit, 
By rain or-water, it should/be convertediinto a form, whieh the plant cin assimilate easily. 
{t should provide the entire nutrientnecessary for the growth of s,plant. 
It shouldinotbe deliquescent or’setito'hard stany niassowithitime. . 


/Q:5b _Discuss\the classification offertilizers and theinuses. 


ae eT a ee 
lassification(otkertilizers say 
Fertilizers are classified according to the ure of the elements like nitrogen, phosphorus and potassitim which 
they provide to'the soil, This classification gives !).¢ fnllawing-types of fertilizers. 
(i) Nitrogenous fertilizers 
Gi) -Phosphatic fertilizers 
Gi), Potassium:fertilizers ; 
"What areinitrogenous fertilizers? Write down note on role of Nain plant.growth. 
jecnousifertilizers ée 
Those fertilizers whiclr supply-nitrogenito the plants or'soil-areicalled nitrogenous:fertilizers. 
Examples ; : 
Ammonium: splphate, Calcium ammonium nitrate, Basic calcium nitrate, Calcium cyanamide, Atmmonia, 
Ammoniuminitrate, Ammonium phosphate, Ammonium:chloride‘and ‘urea. - Z 
Role of nitrogeniiniplant growth : 
(i) Nitrogen'isirequired’ during the early stages ofiplantgrowthifor the. development ofistems-andileaves. 
(ii) {tis the main:constituent of protein. 
- (ii) Tt imparts green colour:to'the leaves. 
* (iv) Inenhancesithe'yield/and‘quality, ofithe planis. 
(a) Ammonia (NH;)/as.a‘Fertilizer 
Amionia:is used\in'liquid'state while all other nitrogen fertilizers:are used inithe solid form. Anhydrous:ammonia 
has become:an: important fertilizer for direct.application to'soil: Ammoniaicontains $2% -nitragensand ‘it isiinjected about 
6 inches) under. the’surface‘ofithe soil, to avoidiit from seepingiout: 2 ; i 
All the nitrogen fertilizers make ‘the soil acidic except potassium nitrate KNO3, sodium nitrate NaNO} and 


Calcium nitrate'Ga(NO3),butithis'acidity ofithe soil!can‘be controlled ith iming.o it: 3 addition of time) 
aiveeulantitervals, ; : edithrough liming of the soili(by the addition 0 


Bow, Rer Neutralization, thie-water is evaporated. The'solid amnioniuminitrate 


(hoe 


owiisiurea man lin:Paki. : 
1Z H ufactured in'Pakistan?, Describe jn detail th 
Sa SCG the process used. 


‘ean 

yrea Aminomethanamide 
Urea is a high quality nitro 

givogen fertilizer. It is most.widely. 

ypnufacturing Process 


Urea is. produced by the reaction Of liquid: 
pe manufacture ofturea. 


()!Preparation of Hydrogen - 
(iii) Preparation of Ammonium Carbamate 
(y)\Concentration of Urea 

preparation of Ammonium Garbamate 
Gascous CO» is mixed with ammonia in:the y 


Benous fertilizer. it con 


3 ains abou 46° 
used mlrogen fertilizer. iy rs 


% ni{rove 
: on: 
Pakistan, x 


* , + » Ge : 
and js themost Concentrated solitl 


: ' 
ammoniawj ASCOUS Carl janie i I DS 
th Baseous ca bonidioxide, Following Step are wyolveds) 
DS Wi i SUT 


(ii) Preparation‘of Ammonia 
{is} Preparatin of Urea 
(37) Prilling 


olume;rati i Hi 
OaF}:2 ina reactor: to produce ammonium carbamate 


COx,)+ 2NHi,, >NH, — 


Ammoniuni€arbamate | 


feparation of Urea 
Dehydration of animonium carbamate gives urea. 


fo) ce 
1 eel 


: A . 
NI,— € —O—NH,——=— NH>—=C—-NH3 +430 
Urea 
Concentration of Urea Solution mpi 
. . ; . . . ‘ ! - 
J The urea solution is concentrated in an evaporation section where water js evaporated by hicating with steam 
ndcnvacuuin initwo evaporation stages whereby. 99.7% .urca-mell:is obtained, Itlis then puniped ito prilling tower. 
filling 

The molten urea is: sprayed at the. prilling tower by means. of prilling/bucket where it is cooled by the aur rising 


inward. Molten droplets solidify into the form.of prills: Urea:prills thus producediare either sent to tlie hayging sectidn or 
‘othe bulk-storage, kate , sae 


; { Two stage: 
Garbamate =>. Jiea synthesis} =>} evaporation! 
condénsation} ~! condensation 


| Bulk storage/ 
Bagging 


Flow sheetidiagram:forrmanulacture of arca 


Ammonium Nitrate (NH,NO;) 
Ibis manufactured by the neutralization reaction between amon 
NH yg) + HNO) PNB NP 


ty) 
fafand nitric, acid as;given'below. 


jg-meltedand:tlien'sprayed uownifrom a 


a a al fiat Ned 
T The falling droplets are driediby an upward current of air. The fertilizer solidifies as tiny’ hard pellets ca 


Go Bee ieee soa 


a 


Li 
{ei 
bed 
| 
i] 
| 
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; ~ F ¥ the field: Ammonium nitrate cont “ 
prills, Prills of- fertilizers are free of dust, easy to handle‘and‘easy to spared'onithe ete aay 


33.5% nitrogen. It is hygroscopic in nature. : 
Uses : ; a ‘all, 
® tis a-useful fertilizer for-many crops except paddy rice'because the microbial 

to nitrogen, gas (which escapes in air). 


actcria‘in flooded fields decompose it 


°  Itis also.used'in combination:with limestone. 


What are phosphatic fertilizers? How are they prepared? Mention the role of phosphorus in the growth of 


. plants. 


fertilizers ee 
Those fertilizers which provide phosphorus:to the plants or soil are:called phosphatic fertilizers, . 
Examples. : 
- Fhe two most:importantwater soluble fertilizers are 
.(i) Super phosphate (calcium: super phosphate) Ca(H3R0,)2 
(ii) Triple, phosphate! (diammonium:phosphate).(NH4)iFIP O4,or DAP 


The various, phosphatic fertilizers :have;different‘compositions, due to which they. have different solubilities. 


Preparation of Diammonium Phosphate (NH,),HPO, 
Anliydrous:ammonia:gas jis reacted‘with pure phosplioric-ac 

process at‘60 — 70°C:andipH'5:8\to.6. : ; . 

"” 2NH,,) + HPO) —(NH,), HPO, +Heat Sener, 

It is an‘exothermic reaction. The heat of reactionvaporizes:water from the liquor andthe crystalsiof diamaigotm 

phosphate:are\taken: out, centrifuged; washed and dried. It contains 16% nitrogen and: 48% POs. This; product contains 

about 75% plant nutrients and\is deemed(suitable for use either alone of-in: mixed with‘other fertilizers, 

Role of'Phospherus in Plant:Growth as f 

(i), Phosphorusiis: requiredto stimulate early growth, to accelerate the seed and'fruit- formation during the’later-stages of 


id\to;prepare diammonium pliosphate by a‘continuous 


, 


growth.: : es 
(ii): It also:increases the resistance 'to diseases: 


Those fertilizers which provide:potassium'to the'plants or'soillare calledipotassium fertilizers. 
Example: KNO;, . = “ 0) : Sa 
eparation of Potassium Nitrate (KNO,: > eee 
sutge On’ industrial scale, it is. prepared’ by the double: decomposition: réaction between sodium nitrate and. potassium 
filoride; : a aie ; 
eS NaNO;,,. +KGl,, “5 NaCl, +KNO, 
es . *3(09) (o2) = (29) ~ fea) ies sctouit, On 
A concentrated Hot sohition of sodium. nitrate is prepared and.solid potassium chloride is added into * a) 
heating; the potassium chloride crystals change into sodium chloride crystals, andthe ‘hot potassium nitrate:is run thr iu 
ie ; coaiira chloride crystals at the bottom, ofthe kettle,A little water-is added to prevent: further deposition of is ¥ 
chloride as\the solution is.cooled, which results into-a:good ‘yield of pale yellow. solid | potassium nitrate. It contains: 


_ nitrogen andi44%, potash. i: j 
Role of Potassium in plant growth : 
(@) Potassium is required:for the formation of starch, sugar and'the fibrous material of tlie plant. : 
(ii) They.increasé resistance /to:diseases andimake:the’plants‘strong by helping: in'healthy root.development. 
(iii) They also'help in ripening of seeds, fruits and cereals. : 
(iv) Potassium fertilizers are‘especially useful  for-tobacco, coffee, potato‘and corn: 


Fertilizer Industry in Pakistan 

Pakistan is essentially an agricultural country, 
land, fertilizers are £aining importance, Urea is the mn 

Jove Daletotees : : 

Government of Pakistan is trying to Increase the Production of fertilizers 


supply. Al present, there: are about 14 fortifj - 
production of urea fertilizer in 2002 in Pakistan ot on™ 


Due to repeated cultivation of Crups and to j 


St important fertilizer used in Pakistan, ee ae peteHtialoh 


and reduce the 8ap between demand and 


in private as well as govern r. 
an.is about 56, 38,100 metric-tons per aia ie 


= 


Definition 
4 “Cement is the material obtained hy. bumin 
sufficiently high temperature to produce clinkers. ‘{ 
Portland cement.” 
. The essential:constituents a 
‘Portland Cement 
. Cement was first introduced by.an English Mason Jose: 
_ limestonevand clay was mixed with water and alf 
rock, a famous building stone’ of England. Sin 
-{oblained from limestone), silica, iron oxide 


3 an ae mixture of calcarigus and argillaceous materials at 
ese sli ; er called’ ' 
Akers are then ground to.a fine powder called cement: or 


re lime (obtainedifrom limestone) silica and alumina (presentin clay), 


‘Q7a Describe the composition of a good portland cement, 
a a SE COMPOS! : 


Average composition of good 
sample of Portland’ Cement 


rae 


BeceRieaper| 


: Silica (SiQ} : 
- [ Alumina’ (ALO). 
AE 
-Sodium.oxide (Na;0)_” 
: Potassium oxide (K,0) | 1:0~ | 
__Write:down Raw Material necessary for the manufacture of cement. ° 
Raw Materials 
_ ‘The:important raw materials used for'the manufacture of cement are: 
()- Galcarious material (limestone, marble, chalks, marine‘shell) as’source of lime-(€0). _ thet 
i). ‘Argillaceoud-material (clay, shale, slate, blast furnace slag). They provide acidic components such:as aluminateg 
-. and'silicates, . mt ; meee ce 
~ Gypsum (2%))is used to increase'the setting time. 


pe’ eessiofiCeme nt iets : ny 
_ The manufacturing process of cement involves cjther'a dry process ora wet: process. The choice ‘of dry. or-w 
Plocess, depends on the followings factors. . : . 
(i) Fysical condition of the raw materials. 
(i -©cal climatic conditions of the factory. 
The price of the ‘fuel. 3 Cute 
* InPakistan, most of the factories-use wet:process for the production of cement. 


Sey SS : =< = = 


7 . ee) Fi, 2 SO — = a = <7 — 
Ermer ne) ees FM . . cael ghee eat ’ — < = 7g ee bart a 
™ 4 =~ * ‘ .* pan © » Ye — ~ % ae —, LS = 
ATS sees sea . = * <= A ~ ee ee ss ee mee er SA 
a 13 - Oe Oe a Se ee, DR hy Pn —_ 
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a. Dry process needs excessive fine.grinding and it'is more: suited'for the hard material: mn (9) Burning Zone (Maximum:tem 
° Wet process, on.the other hand, is frée from dust, grinding is: easier andthe composition: of the Cement can easily In this zone, the temperature 


_ be controfied a together and form calcium silic 
eee 
Q7b. _ Discuss the wet-process.for the manufacturing of cement.with the’ hele of flow sheet diagram. (d) Cooling Zone 


Perature zone) 


B0es up to 1500°C and 


the oxid i Ee 
ate, caleium aluminate an Oxides; €.g., CaO, SiO, AO; and FeO; combine 


d calcium erie: 


This is:the last stage in the kiln where the charge is cooled upto 150-200°¢, 


LeU nO CCS Sm =. < ee ; (vi) ‘Clinker Formation 
: ea In this process grinding is. doneiinctlie presence of water. Tere are five stages -in-the manufacture of Portland The. resulting product obtained from the kiln is ve as: cement clinker. This ‘h 

: Sear k-or grey colourediball nr elinker. This ‘has the appearance: of 

(i) Crushing and grinding of the raw material. Be eS as varying in size from sta nuts to. peas, “i eof greens 
(if) ~Mixing'the material :in:correct:proportion. : : yi (v) Grinding the Clinkers with Gypsum 
(iii) Heating the prepared mixture:in:airotary:Kiln. . The cement clinkers areithen -aifcooled. The = Posumetlcally 

AS oe : 1 required ir-p : 

(iv) Grinding’the heated product known as clinker. . , : is first ground to.a fine powder and then mixed with eee eee ra ae : aa ie So 
(v)  Mixing.and\grinding of cement clinker withigypsum. er: cement is pumped pneumatically to storage silos from where it is drawn for packing fn A structure fr storing 
) Crushing: and Grinding : - paper bags or for dispatch in bulk Seypiners. Bulk-materials, 


Soft.raw materials are first. crushed’ into:a suitable size, ofien.in two stages, and then ground in fivtite presence of 
‘water, usually :in: rotating. cylindrical|ball‘or tube mills: containing -a\charge of'steeliballs. 


(ii) Mixing‘of the Raw. Material - 

The powdered! limestone ‘is \then| mixed ‘with the clay: paste in proper proportion: i(limestone 75%, clay 25%); the 
mixture is finely: ground and:made homogeneous:by meansiof' compressed} air mixing arrangement. The resulting: material ! 
is:known.as slurry. The:slurry, whichicontains-35 to'45% -water, is sometimes ft Itered'to reduce the water content from 20 
to 30% andthe filler cakes are storediin storage bins: This:reduces:the fucl,consumption for heating SLaee: 


(iii) Heating:the Slurry in.a'Rotary Kiln 
: ‘Raw mealior- slurry prepared:as ‘above is introduced into the) rotary kiln: with: the help of a’ conveyer. Thie:rotary 
kiln:consists:of-a large cylinder’8:to. 15 feet:inidiameter: and:300-500 feet:inilength, It is:made of steel! andiis'lined/inside 
with firebricks. The kiln rotates:horizomNy on: its-axis;at:the rate of 1-2 revolution:per‘minute:and it is inclined: ajfew 
degree: As:tlie’kiln‘rotates, the:charge'slowly moves'downward'due to'the rotary, motion: 
eat -Now. the: charge: is: heated by burning. céal, oil or natural gas. In the rotary kiln:the charge: passes through the 
-different zonesiof temperature -where different: reactions: take place: The charge! takes 2-3 hours to: complete the journey in 
the:kiln, 
(a) -Dryingior: Preheating Zone|(Minimum: temperature: zone) 


: Clinker 
sIn this zone, the temperature is kept*at- S005E; whereby, the: moisture is: ‘removed: and ‘the clay. is broken into 


grinder. 


Al;},SiO,, and Fe3@3. : 
ae (6) Decomposition Zone: (Moderate temperature, zone), i See : = ; 
| _ Here®the: tesineratue goes\upto 900°C. Inithis zone the limestone (CaGO3)) decomposes) into) lime (Ca) and: C0 =e oe 
5 = gaa CaCO, ) E20), +025 
| Te Eun “pack End — pape 5 -F 2 eae z —- Flow. sheet:diagram forthe manufactureoficement) 
\ : : Cries What: do:you: understand by the term “setting of cement.” Also discuss: the reactions: SED ‘infirst-24 


| Diameter 

| @t015 eon toe : 

iS 1- - 2 Revolution = Materia} Flow: ——— . ado 
— aopsePGihte . | GasFlow — —— Firing, Hood 


nd:-betweenai tov7idays? 3 a —— —————————————— 


S = s 


gimass becomes 
= Dehydration’ bE cS 

= Clay into Al,O,; 50) 

and Feo: 


if . ent paste when combined with water and:allowed to stand for sometime: then the resultin 
thard/and very resistant:to pressure: This:process is known:as: setting of cement.” 

The use Of cementiinithe construction: of building is based on ‘its progeny 0 

‘involvediin: ithe setting.oficement are. described’ as follows: 


(a) Reactions Taking-Place in-First 24 Hours 


_ A ‘shirt time: after the:cement- is: mixed with»water, tri 

colloidal; igeliofithe composition, 3Ca. AlOs. 6130 (hydrated :tri- calcitu 

Y This: gel starts: crystallizing. .slowly, reacts with gypsum (CaSO. 
aluminate Gea0: ALOs, 3CaSQx, 2H30). - : 


fise(ting:to-aihard:mass: The reaction 


500°C 


Formation of Galerum silicate, 
aluminaia'and femta —~ 


a 


ce : *an)vand forms, 
| = i:calcium: aluminate absorbs water: (tiydration) and: form: 


maluminate). 


eH) | Cement iL = 
'Pre heating ‘Zone: Decomposition Zone Burning Zone ~ Gooling Zone’ SCInke hy 


Hs0) to form the: erystals‘of caletumn'sulphe 


_ VARIOUS ZONES/OF ROTARY:KIUN. 


(b) Reactions Taking Place Between 7 to 7 Days : 
o Tri-calcium silicate (3Ca0.SiO3) and tricalcium aluminate (3Ca0. AN,05) Bet hydrolyzed to BrOMiigesestes 
hydroxide and aluminium:hydroxide. : calcium 

The calcium hydroxide, thus’ formed, star(s changing into needle-shaped crystals, which get studded ; 

colloidal gel'and'impart strength to it. ir ed in the 

e Alumimin hydroxide, on the other hand, fills the interstices resulting in hardening the mass. The Bel form 

losing: water, partly by evaporation and sets to a hard mass, ed Stans 


GOCRG GOR 


gl cementilndustnvinibakistan 7 fede 

o Atithe'time of partition in.1947, there were four cement plants in West Pakistan, which produced abou, 330.0 
tons oficement every-year. : : : 000 

‘© “However in1954'the. production of cementwent-up to 660,000 tons. 
©. In 1956:two:more cenient factories-were’set:up at Daud Khel,and:' Hyderabad, but even then the production f 
cement-was not enoughito meet'the increasing. demand ofithe construction industry in the country. ee 
For a\developing country like Pakistan'there is always:an increasing need of cement for development Projects 
Efforts were thusimade te build:more factories. At present there are about 22. cement factories in-private as-well ag if 
public sectors, which:are: manufacturing: cement!both|by ‘dry and wet: processes. The total production of these 22 ceil 
‘plants is 9,578;802; metric tons/annum, . 


aaa eae 
oe Seieaeat a 
pnt iz: 
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Early History: 


_ Delta ofithe'River Nile'inEgypt-around 3000 B.C, 5 
etna The invention:of:moderm paper: is'ctedited'to'Ts’ai Luniofi China, who, in 105-A:D, was-an-official attached tothe 
Imperial Courtof: China. He prepared'a'shect‘of paper using the'bark of mulberry tree that was treated withilime 
; and'mixediwith:bamboo.and other fibres toiget-the paper of desired properties. ; ‘ . 
Definition : Brera ie 


“A sheet: material! made up-ofia network’ 6f:natitral cellulosic 
fibres which: have been:deposited from} an) aqueous ‘suspension is 
-calledipaper.” The’ product. obtainediis a network: of interwirning 
(interlocking)ifibres; ath : : ; 


. Q8. What are ‘the essential non:woody and w 
Pakistan? 


Gy) Eucalyptus (hard 
| Gil) | Dou 

| 

} 

Qo. (a) What are'the Principal methods of chem 


| 
t 


Thé following’ are'three principal methods of; 
1. Kraftiprocess (Alkaline) =F 


x eS erage att ek Soees SS — Se 
Se ae Chapter 15 (Common Chemical ness. 
2 a Industries InP akistn 


‘the process are as fallows: 


-_ aw materials, bigiJogs-are cut into small chips before further processing. 


°  ‘-The-word-“paper” is derived from the:name of:a'reedy plant “Papyrus”. Which grew abundantly along:the marshy * 


y (iit) ‘Wet Cleaning . : ‘ os 


_ soluble:materials also get dissolved'in-water. _ ; E 


(iv) Screening 


fe Stones and other.oversized pieces are removed by centri-cleaners. 


"(v). Digestion 


-sulphite.is injected ‘simultaneously to cover the raw. materi: 
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2. Sulphite process (Acidic) 
3. ieee Sulphite Semi Chemicaliprocess (NSSC) . ; 
The neutral sulphite semi chemical process has come to ° inant: posi “Gh 
‘ ccupy the dominant: position. becauis 
advantages in chemical recovery and pulp strength. In this section, we will:discuss.only-thé netitral Sanat 
chemical process, which is mostly used'in pulp and paper industry. in'Pakistan, 


ag. (b} Describe the neutral sulphite seml-chemical process for. the manufacturing of pulp and paper. 


NeutraliSulp nieChemical lProcessl(NSSC) 
Process Description 


_ This process utilizes sodium sulphite cooking liquor which is buffered-with sodium carbonate or NaOH to 
neutralize the organic acid'liberated'from‘the.raw materials. : 


The non-wegdy raw materials which are used\in this process; are wheat straw, rice straw, bagassse, cotton linter 
andirags. Wheat straw.may be used alone or combined with other materials in different: proportions. The essential steps. in 


(i) Cutting of the raw materials (i) —-Dry-cleaning (iii) ~~ Wet'cleaning 
(iv), Screening - (vy) Digestion (vi) Blow.tank 
(vii) Pulp washing _ (viii) Bleaching (ix) Stock preparation plant 
(x) Paper.making:machine F i 

(i), Cutting of Raw Materials 


Thesion-woody raw materials come in the precut.state and are processed 'as such. Butin\the case of wood based 


(ii) — Dry-Cleaning : 
Wheat:straw is collected from the storage and is then sent for dry. cleaning. For this purpose air is’ blown into the 
raw material; which removes unwanted particles. , 


Dry wheat straw is then subjected to wet'cleaning, which not only removes the remaining dust; particles, butithe 


In most: pulp and paper processes some type of screening: operation is required to remove: ‘the over sized 
‘troublesome and unwanted particles. —f 
® Magnetic separator removes iron pieces like nails and bolts, etc, 


The major types of chestscreens.are vibratory, gravity, and centrifugal. The materialiis then sent to wet'silo. 
eens: are VII : L 


ilo, | ial ‘i i i is us i h and 2 meters in 
th terial is sent to digester. The digester is usually, 10 meters in fengt r 
See Creed cralaTateat wan: THB tofthe, process. The digestion process can'be either: 


diameter. It.is made of steel and yroight iron. This is the main uni 
‘batch or. continuous. In.our cauntry batch process is mostly-used: ; stat siding iim 
( -al-enters into the digester; steam is introduced at the: bottom anda liquor containing so 
As the raw material:enters in igests sal. S DE ealihite usediis buffered! with'sodium carbonate. or 
sodium! hydroxide to maintain its pH 7-9. a = 

The digester is closed carefully. It is revolved at 2.5)R:P:-M. anda temper 

’ digester takes 45 minutes to attain the desired’ temperature after which itgets swi 
_Teleased. 


rature of 160-180°C is maintained. The 
tched ‘off automatically and pressure is 


iy 
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{vi) Blow Tank - Poe a 
The cooked material from the digester is blown — Cutingofie wo 


0 a\blow. tank andithen pumpedito a centrifugal screen 


int 
ncooked materials, 


for the separation of cooked from u 
(vii) Pulp Washing = 

The cooked material from the blow tank is 
washed thoroughly with: water using 80 mesh sieve (0 
remove the black’ liquor. thatswould contaminate the pulp 
during subsequent processing steps. The:pulp is washed 
with required amount of water to:remove soluble lignin 
and'coloured compounds, Lignin is an aromatic polymer 
and causes paper to become brittle. It is thien thickened 
and finally storediin' high-density storage tower. 


(viii) Bleaching: 

, The pulps: obtained: from chemical pulping, are 
brown in colour and ate unsuitable for printing and 
writing papers which ‘require a bright white pulp. The” 
colour ofthese pulps is mainly due to residual lignin. 
These pulps'are then sent:to’bleaching unit. : 

In'Pakistan, bleaching is done with chlorine (Gi3) or sodium hypoclilorite (NaC{0) and hydrogen peroxide (H30,). 
After washing the unbleached) pulp is sent (oithe chiorinator where chlorine 4-5 bar pressure is injected fram chlorine 
tank, The chlorine reacts with unbleactied pulp atabout'45°C for 45-60 minutes to pive good results, The residual chlorine 
is meutralized with water which acts as antichlor. The ‘correct dosage is important and calculated: amount of clilorine is 
necded to achieve the required(briglitness. After chlorination, pulp is wastied with hot water at 60°C and is then sent toithe 
storage‘tank. Pulp is dried with hot air supply. After drying, the pulp is ready for mamifacturing of paper. 
(ix) Stock Preparation Plant 
There are three important stages :in the tre: 
The first:is-the' dispersion‘of the pulp as.a\slurry inwater, 
develop appropriate physical and mechanical’ properties for the p 
chemicalladditives and recyeledifibres from the waste paperplant. W. 
SS en Pea 
|__\Paper/Making! ie 
Commonly Fourdrinier machine is used for paper making, Its detail is given:below. 
{a} Flow-Spreader 
The flow-of spre 
the stockisibelow 1%. - 


“Displace 


walt 


— SM) y Tor hh 
Xb teams Serre 
warictler gt paper ia 


tehkentag / 


Flow sticat diagram for neutral sulphite sami-chemical process 


atmont of the pulp prior tovits delivery to\the paper making machine. 
the second is the: mechanical refining or beating) ofthe! fibres (0 
roduct being made and the dird is the addition. of 


etiond chemistry of paper start fromihere: 


ader takes the’pulp and distribute it:evenly. across the’ machine from back toiftont. Consistency. of 


Head:box 


Flow Fourdrinier table 
spreader’ i 
tas = 


Prass section 


Galender 
o Dryer Section Stock 


RE ug 
SS 2 Reel 


: —. - @ 
Te] ee 5% 
85.% moisture i 


White water 6- 8% molsture 


Fourdrinier Papermaking machine gi f 


(b} Head/Box 


The, pressurized liead box. discharges.a uniform jetiof, pulp suspension on a'fabric, where Special suction devices 


. work for the removal of water. 


‘(c) Fourdrinier Table 
The endless, moving. fourdrinier fabric forms the 


drains the water-by suction\forces. . 


fibre into a.continuous matted web while the fourdrinier table 
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(d) Press Section 


he paper sh i U c Gl rou presses where 
4 sheet is conveyed thr i | 

i 2 0 gh a series of 

ruclure Is i : G 

ss fe Is consolidated. (ie. the fibres are forced inlo intimate contact : 

(e) Dryer Section 


additional water is removed and the web 


Wet sheet of pa ; is dri 
aper so formed is dried inthe d i 
pee Kotrebe t ryer sect P the i i 
separated (rom the fibre cither by gravity, by suction or . viesing - ie ae ee 
{f) Calendar Stock tats 


7 he sheet is calendared {brough a ser cs of ro Nips to reduce thickness and smooth the surface, 
I iY gl ser) 
iH} 


Phe dried Paper ts wound inthe form 4 z . 
t cio offmreel haying finat moisture of about6 () 
Vig 8% 


h the help oftrotary drum, Water is 


Qioa_ Wha Y 
Q at are the common bleaching agents usedin Paper industry.in Pakistan? 


G€ommon Bleaching Agents Used iniPakistan 
In Pakistan, bleaching is done with 
(i) Chlorine (Cly) (1) 
(ili), Hydrogen peroxid®(H,O;) > 


[a Sa = <= 
Qiob What are the prospects of paper Industry in Pakistan? 

a : 
Papenindusthyinibaldsta 


Paper plays such an i i af 
index ote county Be anPonan role in the present day economic development that its consumption is taken 
ain sss and prosperity. There was no pul they . A as an 
independence in 1947, é Ain = pulp and paper industry in Pakistan i 
fiipariee: eeneeel pecan sousinied about 25000 tons of.pulp and paper products per-year and allctibeaea = 
The cacone etlt E ost of 25 million rupees. The start ofthe paper industry in our country was Ne { Re were 
. aS amongst. the major ones being the non-availability of suitable fibrous raw material eae 
uc to hig i 7 ne . Silene 
ae igh prices of paper in Pakistan, it's per head consumption is among the lowest in th ; 
consumption in Pakistan is around 5\kg per person per year. esti World Hiaper 
To make »-selfesufficient in this 3 
7 ee se Ouncotnity self-sufficient in this important commodity, we must utilize every source ofiraw material 
rr bd » Paley . a 
Riiements a ae ite ae Sea eae has enough source ofinon-woody material, which in future can meet tie 
ni and paper industry. The efforts are bein ins f ess 
country. g made to install more pulp and| paper industries in:the 
Al present there are z . one 
p t there aresmore than 36 pulp and paper industries in private as well'as in\public sectors, which are 
ctors, 


manufacturing pulp and paperboard. 


Agriculture has been ons of the aldest:i ‘Si shi 
est industry known to man. S >. Chi t i 1a 
Se ee acne ry n. Since 5000 B.C. Chinese: have-been using animal 
Fertilizer is the natural or artifici mtaini 
artificial substance containing the chemi i \ 
AMG Se Es £g mical elements that improve growth and, 
Neue fertilizers are Materials derived from plants and animals whereas artificial fertilizers consist of 
manufactured material like urea, super phosphate and ammonium nitrate, etc. 
5 py “18, . . . . aa j 
; ynthetic fertilizers are mainly used for making up the immediate deficiency of essential nutrient:elements necded 
in relatively large amount. 
Th + Yailt j Very 
ae ulisnts required in a very small amount for growth of plants are called micronutrients’ and the: nutrients 
. ichare required:in a very:large amount are called: macro-nutrients. 
nea and ammonium nitrate are the major nitrogencous fertilizers whereas super phosphate and ‘triple phosphate 
are important: phosphatic fertilizers. 
Cement is a very important building material which was first introduced in’ 1824 by an English mason Joseph 


Sodium hypochlorite (NaCIO} 


Chapt 


xture of ¢ 


Cement. is the material obtained by. burning an intimate mii 
sequently 


sufficiently ‘high temperature to produce clinkers which are’su 
generally used in the production of cement. 


The-use:oficement for construction purposes is based oniits prope 


water. 
Paper.is a sheet material'made upof'a network of natural’ cellulosic fibers. : 
The neutral sulphite-semi-chemiical process is often used ‘for. tlie manufacturing 
inthe chemical recovery and! pulp strength. 

The prime objective of allipulp making. steps \is\to separate 
called lignin; svhich is naturalibinder. 


SOLVED OBJECTIVE EXERCISE 
Fillin the blanks: 


(i) Fertilizers enhance the natural___ofithe soil. 
(ii) Micro-nutrients aro’required in quantity ranging'from 
iii) Ammonia‘contains Ye nitrogen. 
(iv) Manure‘is:an material used to‘fertilize land. 
(v) Cement.was first:introduced|by/an ‘English mason. 
(vi), Phosphorus is required:to stimulate___ ofiplant: 
(vii) In‘Pakistan, bleaching: ofipulp'is carried outwith: 
(viii), Ccementiis'generally, manufactured using __ process. 
(ix) The\nse:oficement inithe construction of building is!based\on its) property 
water. is ‘allowed to stand 'for:sometime. : 
“() Ligniniisian_.___.polymer.and ‘causes paper to'become brittle. 


ity, off setting'to 


fibres) prese 


peracre. 


Answer'Key. 


iChlorine dioxide “or SO 
|\)hypochlorite and'hydrogen peroxide |._ 


Indicate ‘Trae:or false: ; 
(i)! Potassium fertilizers.are especially used ‘for, tobacco\and’com: 

(ii), Ammoniaiis:usedinigaseous state while all’other-fertilizers are usediin'solid:form: ° 

(iii). Invwet.process'for: tlie- manufacture of. cement, grinding of raw. material! is:donce in'tle;presenc 
(iv) The'total(production’ of cenientin Pakistan iis:56;30}100 metric:tons/annum: ‘ 

(69) In‘neutralisulphite:semi=chemical process, sodiuim'sulphite is used| buffered with’sodium carbonate: 
(vi) —-“Lignintis aniinorganic binder. : 

(vii) Paper.consumption in’Pakistan\is around 5kg,per:person, per-year. 

‘(Wiii) Urea contains-907% nitrogen. : : 

(ix)) _ The temperature! of the'digester/in paper industry. should: be around'160-180° C. 

(69) Potassium fertilizers increase the capability of plants to'resist diseases. 


ji) | Tre | Gv) | Fase |. @).) True | 
| False | Gx) [Tre | @) | 


Answer Key. 


alcarious and argillaceous materials ay 
groundito a) fine power. Wet process is 


a\liardmass when mixed with 


ofipaper- because ofithe advantages 


ntunithe straw from cementing material 


(ix), Hoy many zones through which the charge passes insa rotary) Kil 
i ‘ VU, 


of whien its paste with 


e ofiwater. 


Q3: Mulple choice questions. Encircte the cOrreEtA 
answer. 


ti) Which three element are needed for 
{a) } 
Gi) . : ial 
Cotton ; i 
The nitrogen pr: ei 
el esenin some fertili ; ' 
(a) To fight against diseases eee hago 
(c) To undergo photosynthesis 
Phosphorus helps tie: growth of, 
Sy Root (b) Leave (c)'St 
icro-nutricnis are required in i ae | 
quantity ranging fh One 
oh . ping from. 
(vi), Fiaike a nonutace(fii. O)-200ks 
a re fpr maces of eenient'the temperature ofthe de ition are 
6 7 0) n00% Ss range composition zone goes up to 
(vil) le word paper ts derived-from the name ofwhigh reed: eke 
) Rose (b) Sunflower be 
(vii) < Which is not 9 cdfcarious material, 
(a)ilime (b) clay (c) marb} 
le 


(d) Rice straw 


(b) To produce fat 
(d) To produce protein 


(d) marine shell 


Tal, me o (€)2 
Anrmmoniumpnitrate fertilizers is not used for which crop as 


(2) Cotton (b) Wheat (c) Si 
= C) Sugar. care ik 
Solved Exercise MCQs ae 
——— eS TF FCS BLED PRT POT 


(ie ie 
non eer ae = ci a 
Sa eRe coe sphorus, K = Potassium 
i) (c)/Popl Cotton, bagasse and rice straw. are non-woody.raw mat 
Nitrogeniis main constituent ofiprotcin. Sears 
Phosphorus stimulates carly growth and asculentee seal ain 


| Micro-nutrients are required iniless amount. 


According to:new textbook in decomposition:zone the Gaveaire eres 


upto 900°C, 
‘Papyrus grew along marshy. delta ofiRiver Nile'in'Egypt: 


‘Because microbial bacterial i flooded ifields decompo 
__|tonitrogen. si: 

_ i. Previous Board Questions== 

What are the principal methods of Chemical Pulping. used for the’ pro 

best'and why? j Seer, Be 

eee essential qualities of a good fertilizer. 

nae Bese Process: inipreferred over other processes inipaper industry? 

oady andinon\woody raw materials used forthe production ofipulp and paper. 


elas 


c)'P 
(c)'Papyrug (a) Water: Hyacinth 


Seeneeeee tSsin i reed NTN ee 77 : 


is Also: available in’ Market 


SCHOLAR PUBLICATIONS rors 


- In these books 


~~ 


= ical industries in Pakistan) 
; Common Chemica : UKistar 
Chapter 15 (Con 


i a) ficement. 

Explain reactions taking/place Inifirst 24:hours in cea ) 
Whatiis‘the function:ofiargillaceous material in ceme 
Describe: digester in:paper andipulp industry. eset 
Whatiare fertilizers?’ Name different eee anne real 
j shosphaii tizers. What they pro 

meitwo | phosphatic fertilizers ) $ ‘ 
ee digestion process|inithe manufacturing . fae Sea 
Nameithe macro-nutrient:elements. How much oven 
Whatiis'the composition iofilime/and’silica in good Toner peeiiarande® 
What are'the different'zones inthe rotary kiln? Give: 


i Of; ium fertilizers. 
ionithe importance ofipotassium fertilize | Are 
RT CUE use bleaching agents inpapenmanufa 


For Answers Study = 
jective 


a 
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Alternative To Practical (ATP) 
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ENVIRONMENTAL CHEMISTRY 


“Fhe beaneh of chemistry. which 
pollutants in the environment isiealh 
© shits the sonree 


deals with the chemicals und 
ed environmental chemistry,” 

S, reactions, {ransportation of the chemicals 
cea DDS sin aHiVis an {hocwnWiroument and their adverse effects ons huma 


wiberreboed woth a biology, physics, medicine, 


other 
I tin 

and other toxic substances especially 
n beings. This branch of chemistry is 


otier bianenes ol sticnee, Le, agriculture, public health and sanitary: 


iG Coniponents, 


(8) Hydrosphere (iii) | Lithosphere (ix) Biosphere 


|L%eage || 
| 0,03. 
p21 far [09 | 
Traces of Hy, Oy, CHy, He, Ne, Krand Xe 
Traces amount ofimoisture OF water vy, 
its thickness is about 1000 km above 
Halfiofits mass is concentrated in the lower. 5:6:km,; 
The gases ethe atmosphere absorb mostiofithe cosmic tays and the m 
radiation coming fromthe sun, 
The absorpuon of these harmful radiations prolects the'life on the earth. 
Phe vases present inthe atmosphere :are essential| for sustaimngilife on.earth i.2,, O} is required for breathing Ga, 
~ is required for plant ‘ Si is Fogen fixing bacterid: 
Waters, 6: Vatious-forms of life on:the-éarth: 
ains the hea balance ofthe carth, Seo 


are. presentiin atmosphere, 
apours are also ‘presenti it, 
the surface of the earth, 


ajor portion ofithe harmful electromaynetic 


> 


S, Mainly ie., Oceans, rivers, streams, lakes, polar ice capsg! 
ater. below earth sarface), 


97% of earth's Water but because of high salt contents this Water cannot be used for huinan 


acters ani 


consumption. | 
Thepolar ice:caps and glaciers consist of 2%:ofithe earth's tolaliw 
Only 1% ofthe total earth's water. resources are available as fresh 
ground water. Theifresh water is being.used by agriculture (69%), 


‘aler supply. 
walerie., surface water; river, lake; stream aud 
industry, (23%) andifor domestic, purpose (8%) 


“It consists oftri 


gid rocky crustiofiearth and extends to,the depth of 100 kin" 
TI 


ie mantle and core-are the heavy interior ofthe earth, Making up most of the earth's mass. 


a 


- environment e.g;, animals,.p 


peg ee eee oe Se 


The 99.5% mass of the lithosphere is made of 1 elements, eae ae oe sas eae A\ 
@ 13%), Fe (5.0%), Ca (3.63%), Na (2.83%), & 2.59%), Mg.(2.09%), ane 1h ©? 0). 
(:1890) E607) CALS). NOL 6, Ba, Cl, Cr, FZ Ni, Srand V. 


The elements present:in trace amounts (0.1 to: 9.02%) are €, Mn, 


These elements:mostly occur inithe form ofiminerals: x 


‘of. community, of organisms anditheir interaction.with 


materials with allitypes of living org 
efinite zone and dependion the physical factors:such 


Ecosystem: Ecosystem iis.a smaller.unit of biosphere 
Jants and microorganisms Ww 


“Any substance in’ the environment which adversely affects the human health, quality of ‘life and the natural 
functioning of ‘ecosystem, is. known as environmental pollutant.” With continuous rapid growth: in population, 
urbanization, industrialization:andi transportation, environmental pollution 1s spreading in almost every city of the world, 

: last half-century and’ they have 


The quantity of pollutants affecting, the environments have increased rapidly in the 


adversely affected human)health andicco-system. 


bas Sean ea ee ee 
Typesofipoliution 


which consists 
hichilie in'a di 


as soil, water, and air. 


The atmosplicre: ispolluted\whentharmful substances whichid 
life are:mixediiniit.,Th ain:sources of:air pallution are: 
Cera , wie Ae Sera - 
set es i Hy 5 A 
“The pollutants: which arejproduce iniatmosphere * 
through warious'reactions of primary pollutants are 
| called secondary pollutants.” 


‘Examples: \Examples: 
{ sulphur. dioxide, sulphur trioxide, nitrogen oxides, jsulphuri 


jcarbon' monoxide, ‘hydrocarbons; ammonia, compounds ihydrofluoric acid petoxyacetyl 
of fluorine andiradioactive materials. | aldehiydes, ketones and peroxybenzol. 


 and'their: concentration \in'the atmosphere: mustibe controlled: 


acid, nitrogen’ monoxide, carbonic acid, 


Ibis soluble:in water. 

Natural sources 

Natural sources’ of' carbon monoxide emission are volcan 
methane /in'the atmosphere. , 


ic eruption, natural ‘gas emiss 


(b) Human Activities 


tnitrate (PAN), ozone,: 


ion and oxidation of 


tries: in. which an 


y type i : 
and pulp, etc, "ype of fuel is burnt in air, These industries includ 
clude 


ol e . - 
Q, at high temperature also produces GO. 


Iu binds bloods haem i 
oglobin more stron 
eas)! gly than i 
ae ae Rolsoning can'be reversediby sivinenannce ae 
ae ae to high concentration of GO at aie 
U'such exposure is sustained for longer period) ai i 


8 Oxygen from normal tespiration 


: fi 1 y 
gue, c sness and eventual 
atipue, unconsciou: death 


The gases, nitricioxide, N 
; , NO and nitro: ioxi q 
Natural Source mae 
Bacterial actions’ produces NO, mainly,NO, — - E 
(b) Human Activities °° . | 


2 are represented'by NO,. 


Nitro en oxides are ly y g g * 
general producedib combustion of coal, oil natura] as and asoline Both oxides Tesul 
poh ‘ 2 2 
from the oxe 1 ECNOUS compo in ip nifos: | ‘ : gz : 
f dat OnioF nitroger m presence of air. mi 
f t iu U: ds resent:j fo: SI fuel Tk ie burnin of fuel I the resence , interna 


combustion engine also,produces NO, . 
N. +0 high temperature 
‘ en 2 +O, +2NO 
itrogen dioxide is, produced\when nitric oxide reacts with ‘oxyge 
n. 
2NO+0,—>2N 
> The.reside i 3 ind! i - 
ses See of NO and'NO) inthe atmosphere are 4‘and ee respectivel 
<a ae 7 ctively. 
aia ots mical reactions, NO, are:converted to\ HNO which't ied’ oe in‘ei 
rz EROS = 3 is carried down in either: rain fall or.as dust 
{a) Natural'Source | | | 
Oniglobal scale: mostof i: di 
0 st.of sulphur: dioxide ji 
gases) produced by: decomposition of organic anatter 
(b) Human Activities , , 


Air is polluted with:SO, d 
d ue to: i Oal/ ini 
plants.and petroleum indus a 0: combustioniofi coal| (containing 1-9% S), crude oil'and/other fossil {fuellin pi 
ex *r'fossil/fuellin pov 


produced by volcanoes (67%) ‘and iby oxidation ofisulphur containi 


S+0,—— >S0, 


Natural'!Source 


Large quantities of hydi : ; 
asignificant RESTA = ae west oonsiare emitted|by different trees:andiplants in the atmosphere. Paddy fields'prod 
Greatlic matter bey backed nthe atmosphere. Another natural’source’ofimethane'is the anaerobic d iti 

vy bacteria-in water sediments andiin'soils ‘ 1¢ decomposition 


° Meth ‘ ee 
ethane'has aimean residence time of about'3— 7.years in the atmosphere. 
2CH,0 ==> GO, +CH, 


i 


{ 
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352 
= 


: i nf | uddition 10 this: pelrofcun). coal, wood, 

ta Autamabiles are the iwjor source of hydrocarbons naib a es it . Saas Be ait 

a i S' c tribute towards {ie emission of yd oca bon ce 
incinerators. refuse burning a ; b 


atmosplhiere. = 


flests oer Ainonienvironment 


ames 


i s Smitha Cireal Britain mnadie 
i saci asiti vag discoverediby Angus Sin | ! n 
Seis ect envitonmental problem in 1950's, Initially i 
sence OF EQ, in the atmosphere 


Acilirain wiich nosy-a-days sacid ee 
mid seyentecntin century butithis phenomenon gained importance ee Sait 
was referred tothe precipitation which wvas more avidic than natural rain. 
the natural rain iselfiforms carbonic acid: 

CO) + HO (aq) — MEO ; sr oal trite ncidie 
ater has pHiessithan 5 ts coustder ud trly acidic. 
itheoaywen aid water into Uy5G, aid LINO, 
th wel (rain, snow tog) and dry aetdis 


The pli of unpolluted nan water shouldibe 5.6, Vic rain w 

In the atmosphere SO, and NO, are transformed by reactions Mn = 

respectively. These acids get mixed with rain, The acid deposnion includes bo 
deposition. 

H 1 Ulan soda Moca pp, ae ; 

$0,450) + 1.@ eee se EH SO, 


HEN b ic.erupti sre is ary ucitl ain 
jn conte eauntries due to ielease-of HEI by voleanic eruprion there isitemporary uc il 


.£ffect of Acid Rainion environment - 
Acidification of the soillandiresks can leachimetals like aluminium, mercury, ic nd 
imo water bodies. These heavy metals:are accumulaled inithe fishes antl ate ae ne Le area 
thev eat these fishes. The olevated concentration of dlumininni is harmful forfishias it clogs the i 

-suffocation. + 
Acidification of the:soil can 
‘It algo damages building ‘materials such as steel; paint. pla 
especially of: marble and limestone. : . 
plain the pollutants which are the main cause:of photochemical smog? 


sd and calcium and discharges them 


alsoleactimitricnts: thus damaging leaves and plants and growth ofiforest: af 
slic, cement, masonry. work aud sculptoral materials 


“The word smogiis:a combination ofismoke and fog” ‘There are twoitypes of smog. 
(i) Reducing smog (ii) Oxidizing:smog 
SE eee of SO3. Idis chemically reducing:ininature andiis knoe asiréducing smug. The 
main cause ofireducing:smog'is combustion ofcoal. 
(ii) Oxidizing Smog (Photochemical’'smog) _ ee 
‘ “The photochemical smogiconsists ofitiigher concentrations: of oxidants|like ozone and{is:also termedias ond) cing, 
smork,  * 


Howl i hich i di c Of W: andichemical:reactions of 
© ft is a yellowish brownish arey-haze which is formed inthe presence :of water droplets andi chemical:rea 


pollutants in the air, 2 ‘ee . ce a 
{t has unpleasant odour because of its. gascous components; The main reactants: of photochemical smog are mitric 
ue (NO) and unburnt hydrocarbons. Nitric Oxide is oxidized to nitrogen dioxide: within ‘minutes to hours 
un , a > 

depending upon the concentration'of| pollutant gas. : 


"The vellow.colouriniphotochemical'smog:is duc tothe presence’of nitrogen dioxide. 


Conditions for Smog:Formation 


ards forhumanssand! birds as 


| 
| 
: 
| 
| 


~ Te 
ast — 
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The following conditions are required forthe formation of smog. 


. Therenns ficie: 
; fest : st'be Sufficient'NO, hydrocarbons:and volatile Orgonic compounds (VOC) emitted bythe v 
> Sunlight,'so that some ofthe chemical reactions may occur at airapid rate. : 
3: tas Oo) ait mass must'be'little’so that reactions are not disturbed. 
he overall: result of photochemical-smooid i i i 
: mog in afternoon is:the built up of oxidizing ave thas HG v¢ \ 
oxyacetyl nitrate (PAN) and ozone in the air. nioFoxidizing agents Stich 2514303, 1INO,. pez 


ehicles 
/ 


° PANiis-an eye irrifant-andiis also toxic to plants, 


Q8.. Why.is ozone layer'depleting?-What vill happen when the concentration of ozone will be d--creased? an 
aes ) be , 


ZONE 
2 Ozone is an allotrope of O;, 


has low boiling pointand presenvin very smail concentrations throughout the:atmosphere. 
The amount ofozonciin (he alniosphere is expressed in Dobson\unit (DU). 
The normalamountof overhead ozone is about 350:DU. 


The ozone Sayer, 25 - 28 km high, in the. stratosphere surrounds the globe and filters most of the harmful 
ultraviolet (OV) raysin the suntigit before Nhey could reach on'the-earth. Therefore. if there is substantial reduction inthe 
ozone layer the life on carth wouldibe threatened: In 1980's a'Jarge'hole in the ozone layer aver Antarctic was discovered 
which represented/a major environmental crisis. 

Ozone is produced in most:of the tro 


pical regions 'by the photochemical reactions of oxygen, trom where itis 
transported to polarregions. Itacts as a; 


pollutant and causes various'healih problems ive., damages: cyes and aggravates 
asthma, decreases the elasticity of lung tissucs, coughing, chest' discomfort, etc. It is harmful’ to the plants and other 
materials i.e., attacks rubber, reduces durability and appearance ‘of paint andicauses fabric dyes to fade. The amountiof 
ozone is less inithe regions closer:to the equator, 


Ozone'Hole 


The thickness of the ozone layer-has'been decreasing over Antarctic:during the'spring time since. theimid!1970!s. 
By the mid 1980's loss.in ozone at some altitudes over Antarctica resulted in about 50% depletion ‘of the!total/averhicad 
amount. The regioniin which ozone depletes substantially inievery year, during/Sep:Now. is now.termed as “ozone hole”, 

The concentration of-ozons in the stratosphere is being depleted through various: chemical reactions: not only 
above Antarclicalbut worldwide. 4 


The stratosphere where the ozone layer. exists inithe atmosphere Js approximately at [Sito 40/kilometer: altitudes 


, and! is just above the tropasphere which extends to an altitude of 0 — 15 kilometer. from the ¢arth. Theitemperature: in 


troposphere decreases with the increasing altitude from 15 to -56°C, it is because the air ncar the earth is heated | by 
radiation rcemitted from the earth. Whereas the temperature in stratosphere increases with increase ofialtitude i.c., 256\to - 
2°€. The ozone is the main chemical species present iin stratosphere. which absorbs tlic ultraviolet radiation and increases 
the temperature in the upper/partof the ozone layer: ; 
Role'of Ghlorofluorocarbons (EFGs)|in\Destroying: Ozone 
Ciilorofluorocarbons used as refrigerants in air conditioning and in acroso! sprays are inert in the’ tropospliere 
but slowly diffuse. into’ stratosphere, where they are subjected to ultraviolet radiation generating ‘Cl’ free radicals. 
‘Chlorofluorocarbons (CFCs) play.an effective role in removing.O; in the:stratosphere, duc to following: reactions. 
CrCl, —>CFCk +e" 
CY +0;——> ClO" +0; - 
£10" xO GI #0, 
Asingle ebloride free radical can destroy upto 100,000,ozone molecules. 


q i r 2 ination. The buman 
Surface and ground water which are-vital resources of fresh water are vulnerable to SU ae Reon 
activities such as livestock waste, landfills, agriculture, pesticides, oil leaks and spills. disposal. of industri 


m2-OillSpillage ee 


Chapter 16 (Environmental Chemistry) 


pen jand, water bodies se: : ic tanks’ atul i y Kt in the ” 
9 d bod i atural gas production may resu 
en land, water its septic t ; detergents, mining, petroleum. and natur e 


contamination of the surface and ground:waters. 

Tatars : : : : 
ilivestockiWaste jg dischargediinto sewage, canals or rivers, 
te Mostly the livestock waste is either being dumped ‘onthe open'land Rennes to the population: Chemical and 
This ptactice pollutes the surface and ground water posing serious health pr ‘Ge ausing euch infectious diseases. as 
bacterial contents in livestock waste can contaminate surface and ground wa 

ajaccteny (oe) SE melee en |.Q:9: Hows oil'spillage affecting the marine life? 


i { . Theipetroleum products 
Petroleum or crude:oil is:a\complex:mixture:of-many- compounds ney ees pathetic wiles cd 
re used as fuel, lubricant, for manufacturing petrochemicals, plastics, alee Saori takers inden, tanker tnicis, 
“eter ents, etc Sea water gets pollutediby accidental oil spills.and' leakage fro S er ca infiiny, patton prod he 
sapalines leakage during off shore exploration and leakage of underground storage ita 
4 ~ 


ic li articularly polycyclic | 
isonous.and pose serious health problems to human, animals and aquatic life, Hydrocarbons particularly y y 
poison r th pi 


} i i re severally dffectediby 
in i Ty! trations. The marine organisms a : ! 

A ; ito'be carcinogenic even at.very low concents sneilifachen catising death. Theitight 
anne Se ee of oil (Gavin) The) spilled: oil damages Lee ee = SE cA eee 
= rin eaten hice surface of water. is affected'by. oily layeroniit thus photosynthe ante) 

a i f f 
ieee cecresee Q 40 How,detergents-areithreatto. aquatic animal life? 
3 Det | : hold eaning agents. The amount of disposed 
Be tergents are excessively used in\ industries and| household’ as cleaning ee Palette 
i t inwaste water is increasing: day-by-day, This\waste water when discharge se Tee hte Cienalieion 
Sa Slifssateraeat contents’ of waste water. mobilize) the:bound toxic ions ofiieavy metals: 
aquati 3% iconte 


. .sedimentsiinto water. 


a.\Pesti cides z} P ; fat ubstances'that‘can 

= sue )cropsiandi transmit diseases'both:to human beings and/animals. _Hestctesiae| the ae current abi 
1 nile ronwaniea organism or. otherwise:controliby interfering with itsireproduction process.” 

directly kill\an: é ‘ 


to produce large amounts of foodion relatively smalliamountiofiland fias'beenimade possible-around ithe world by the use 
«a, 

. of esticides. At present more ‘than ten thousand different: types of synthetic organic pestici h aH fo ™m! . 

p Sti anic pestic: des have bee: ulated 


tincip ing:to thei ili chemical\ nature: The)most imiportant 
é sip paes li principalitypes: according: to their general chemical) nature.’ | neat 
nae a eee enero aT insects); herbicides (which: kill undesired plants)) and fungicides 
and widely used. i cts), 
(ovhiich controlithe growthiof:fungus on the’ plant). i 


Th f various pesticides also ‘Helped’ in’ the eradication) of diseases such as. malaria, yellow fever (bz), 
; tS use Sa v + i wees : 
bubonic plague (wytuiig ):and'sleeping sickness (¢ Wwisy,): . 


Wide spreadiuse of;p getting. grea op:yieldssi } i diand'controlledihas\associated 
i ae f; icides:for, getting. reater crop yields:ifnot, properly checked! cont sso te 
conta an gitlie Ee eee The drainage water fromthe agricultural land|(where the pesticides are 
risks: of: contaminatin, -soil;, plants and \w 


ide i i) {pesticide is not-properly controlled it, enters é 
- . s. Therefore if the;use of any, type of. pesticide : : 
being used) mostly aS ET A Maui aauee aac ae the foodichain:andithus pose's eriousih calth | 

( through various roots i.e., di : 


st ibei imals, 
P Sn Oe eae do'notihave any healthy effects oniiiuman or animalihealth. 

eee ae a ls may have tio detrimental effects at low concentrations: ‘But many compounds once 
Some Oeaue Seite witht organié chemicalsycanihave serious and'substantiallhealthirisks, evensat very 
thous see ‘done. AveveriNislicr concentrations, most ofithe compounds are tasteless:andiodourless: 
ae ae any of the light molecular weight’ chlorinated iydrocarbons. in drinking. water: te 
ee = Sate nave safe'levels. That'is they, cannot! be consumed through air, food, or-water without: 
carcinogens andi ave = ‘ ef a 
-Tisk'of a eee pee, ‘arelingested ‘through food or: drinking water; they/can‘cause!health \proble re 
ee ae Gey canicause/nausea'(()? ) pdizzinessitremors:(enZ Gini i andiblindness (v£l2-"). és 
eee Sati whigh these compounds become tasteless and odouilass; humans may develop/skin 
NE eas system impairment ed): “At still ‘lower. concentrations when ingested re : 
eruptio 


SEES 


‘() . Biochemical Oxygen Demand (BOD) 


(3) Chemical Oxygen Demand (OD) 
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months Or years, the compounds 
long-period of lime between expo, 


SalindustiiallWastelefiitiente 

- The finished products in any chemical related ma 
refining, petrochemical, textiles, paper pulp 
are always accompanied by some 
smoke, solid'or waste water. efflue; 

The industria} wastc 

compounds and heavy metals i.e. 
compounds and heavy metals and.m 
and potable water supply. This also 
for public and marine life, 


It must be mentioned here that‘hea 
safe limits; they have accumulation effect: 
anacmia, kidney diseases, nervous disorde 


ioileath itheralanneric 4 


can cause health Problems, 


a With human 
sure and manifestation of th 


! OF animal carcings: F 
¢ disease, MOKENS. there is often a 


nufacturing ind 
and paper hoard, rubber product 


by-products and Waste effluents. The Waste prod 
nts. 


+ ‘Teather, fannerj 
S 1gro-chemicals, 
Ucts may be'in the 


es, fertilizers, or 
leather. foods, etc, 
form of waste heat, 


Vy metals such as'Pb, (2d, Er, As, Hg, 
S when ‘ingested ‘through food oF Wate 


otc. are highly: toxic and do-n 
t, high blood pressure ete, 


ot have: any 
rand cause, 2 


Various'health problems like 


{o bip.industrial.un 
It for leather. tanni 
itation of Cr (OH). 


the big source of ch 


Or put into ithe sewage 
and is known to cause cancer, 


nium (V1) is highly toxic 


demand and chemica 


lhoxygen demand are frequently used! in 
rms are described/as follows: = 


‘@) Dissolved oxygen'(DO) 
(¢3)) Biochemical'Oxygen Démand‘(BOD) 
(iii) Chemical‘Oxygen Demand (COD) 
(1): Dissolved oxygen (DO) : 
Inwwater the most important oxidizing agent'is dissolved mo} 


from 4:8 ppm. The organic matter is oxidized with the help of 
determine the quality of water. The dissolved oxygen 


lecular oxygen (03) the'concentra 
this dissolved oxygen in. water. ‘It is aiparameter to 
valueless than 4 ppm indicates: thatavateris polluted: - 


48 capacity of organic matter in natural water to consume Oxygen within ‘aiperiod ‘of five'days. ‘The value of 
ofbiological oxidation of dissolved, organic matter in'the sample. 
icroorganisms which are already present. inthe natural, water. [is 


et 
BODiis th 


a'sealed water sample is: maintained in the dark at constant temperature either-at 20°C or 25°C, 


’ 


j “The organic content of water which consume oxygen during. chemical oxidation is evaluated! by its chemical 
oxygen’ demand: : 4 


: ‘ pr gr Bare e ions'GrOs2 whichis'a 
The oxygen demand of water can/be determined directly by treating it-with dichromate ions\Gr0; "which i 


ae To ining di is, ined |b: 
Powerful oxidizing agent, ‘The Organic matter in water is oxidized while the remaining dichromate is\determined by 
Utremettically, 


eee Orn TE 


, 3 
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Value of COD is'a direct measure of chem n water. Higher values:of COD will indicat 


ically oxidizable matter i 
more pollution. 


RIFICATION OF WATER 5 cael SS 


‘andiother domestic purposes. The quality of untreatcy 


Se 
The surface or ground water is:normally used for. drinking 
surface or/ groundwater varies largely from place to)place. 4 een 
“The water. obtained !fromirivers, lakes, glaciers:and oceansiis called surface water. Reena) 
Surface water has various contaminations in it-andirequired some treatment before use. puriiicd'| by the 


following stages. 


= ; : ie. + tcnassed! hithe water. 
_ The'quality ofraw water is improved!by aeration: Inithisjprocess ait Is passed toe ae aa Ao 
(i) To:remove the:dissolved \{oulismelligases'like!12S, organo sulphur.compounds andivola ga pounds. 


x - ncily oxidized with air produce CO; in 
(ii) - Some. of the organic materials in the raw water which could be easily. ee Spain ee me 
acration process: The remaining portions of organic material! if necessary ar SS] ci 
activated'carbon. f E - 
(iii); Acrationyprocess also oxidizes water solutile|Fo?" to\lc”’ which then forms:insoluble'l (OH); and canibe removed 
as solid. : 
(iv) Acration‘also,improves the oxygenilevel!ofiraw water. 


(2)iGoagulation} 3 
- ‘The materials which are suspended 'or presentiin}the colloidal forminiraw W att 

e The coagulant: such \as aluminum sulphate or alum is added tothe raw walet, which asi ae ees er 
suspended impurities. For example, aluminum’ hydroxide is precipitated'when/alum is added! to water in-alkaline 


mediumiie. = 


ater are removed! by coagulation 


K3SO4Al,(SO4)3-24F2O + 3€a(OH)2 — 3€aSOu* 2AI(OH);+:K2SOa+ 241150 


Many suspended|particles get:adsorbed on the surface off gclatinous‘aluminumihydroxide precipitate. 


‘© Ferric salts-are also commontly-usedias coagulants'but:they/are difficult to'handle!because anminsoluble ferric oxide 
is\producediin the:pHirange from 3:0ito 13:0. es 
-© ‘Thesprocess oficoagulation|can:remove moreithan:80% ofthe suspended 'solids inthe raw water. ; = af 
~ The:sur diw jalso’ in.calcium: ociunisaltswvhichimakeythe water hard. The nar 
e Thesurface or ground! water may also:contain caf1um enimapesian hhichimake 
water is:then appropriately treated(to\remove:'Ca* and!Mg: . 


nsiby/Ghlonine 


nily, used to. disinfect water. Ghilorine treatment: is very effective in killing, the pattiogens th 
stich'as\typhoid'and (cholera: Whichihave killed many thousands. of people aroun 


4 Chlorine is freque 
may cituse serious: water-borne diseascs 
the world, 6 ’ ‘ 
‘The most. commonly used’ disinfecting agent is hypochlorous avid HOGI. This neutral. covalent compound! 
eadily'by passing throughitheir cellimembranes. . . 
Theihypochlorous:acic lisiunstable thus it;cannot:be stored, itisytherefore gencrated\by either Jissolving 
chlorine:gasior sodium andicalcium:hypochlorite in\water, Disinfections'by)chlorines is inexpensive. 


€h,+1;0—> HOGI +H #Gl 


ills 


molecular 


Generating HOCIfrom sodiumior.calcium|hypochilorites avoids the:(ransportation and use ofichlorine cylinders: 


a 


Ss 


Suspende 
particles 


T = 
Precipitate Precipi | , 
rec} S 
a ulation ena oe Cn 
elting and of hardness by Chi ee 
Nfecipitation of precipitation'as — en 
Suspended CaCO, 
Particles) and Mg'(Oh), 


effectsiofichlonnatediwate 


Chlorinated water has als T 
as ase Some harmful effects whi i 

{ Hypochloraus avizhor chlorine of cts which are discussed below, 
A, Ss ey ehlonne wi 1 H 
Se. % orine of water reacts. with dissolved ammoniaito if ii 

NCI, rogen trichloride) whichis apowerfuleye irritant iets Chloramines NUCL, NUCH sy 

NUly t 3HOCI NCh +3450: ‘i 

he alk: ™ Y . as 
he alkahtue pl gan prevent the formation of chloramines 
Chilonnation of water containing organic materials also forms some ore 
example. it phenol isipresent inwater then chlorinated phenols oie 
andar tech 7 


anic compounds which .are toxic. For 
are formed whichiliave offensive odour, and taste 


Ghlorvoferar (CHCH) is forme i 
( imed when, fw pochlorous act i i ) i 
; PLD. S id reacts w ‘ i id) di ; 
o A acts with Organic matter (humic acid) dissolved|in 
(ai ae scted liver ez y yey 
Chiotolormas suspected liv Cnecarcinogen and als hisinegalive reproducti nand develop ent effects in hum 

Cv) 01 ym s ans. 


Phe cisk of bladder andirectal cancer‘increases by drinking chlorinated water. 
To.avoide:the:formationiofitoxic:compounds 


Wwithichlorine, ozone:(O}):or- chlorine. dioxide (C!O;) is used for 


ee Py 


WE MANAGEMENT 


ap — 


Solid\Wasie 


' edie te re p 7 reall } 1 1 ; 1 

Yhe disposal of domestic refuse, commercial and industrial solid wastes. or semisolid materials-are studied under 
the ttle solid waste management. The domestic municipal solid waste mostly consists of papers, vegetables. 
plastics, wood, glass, rubber, leather, textile, metals and |food wastes. ' 


The. disposal of domestic, commercial, industrial, avricultural, or municipal solid waste is called! solid-waste 
snasement, 


Following metheds are usually.used for the disposal ofithe solidiwaste. 
2. Landfill 
4. Reeycling 


i. Dumping of waste in sea or river 


3. Incineration 


i ss Nasi e: é aiOTy ve . 
Water covers more than 70% ofthe earth and is valuable source for foodiand minerals. Sea and rivers Hance 
7 = F = = cw, . ¢ “re nails relimerys WW 5 1c 
cbeen used for dumping waste of , industrial and municipal discharges. such as acids, relinery: wastes. Eine 
ta aiese Serpe te ioe . f . ee ; ctive waste, cle, 1Me 
‘Waste, construction and demolition debris. explosives: domestic refuse, garbage and eal \ eS ee 
| . ° . : * 7 " id! c > 4" 
dumping of waste materials in waterhas damaged the marine environment and caused ficalth hazards to Nut 
beinus : 


The municipal 'solidiwaste'is mainly disposed off by dumping ittin alandiill. 


J — 


a 
+ 


sry 
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The landfill is a large hole in the ground or even a bare picce of land. When the Janciiltiecomes:fullsviti vast, 


it is covered'by soil or clay. 


The site of land is selected on a number of factors such as topography, location of the pore Paes aaee 
of the solid waste, type of soil andirock and ‘location of disposal:zone inthe surface water and gr er flow 


system. — 
Q15. What are leachates? ————— 


Leachate ; 


The ground water which seeps in the landfill:and liquid from the waste itself allipercholate through the refuse is 


calledileachate. : 
The pases which are produced in landfills from the waste are‘methane, ammonia, hydrogen sulphide and nitrogen. 


The leachate contains volatile organic acids-such as acetic acid'and'various fatty acids, bacteria, Aree metals and 
salts of common inorganic ions such as €n2*, The micropollutants present: in municipal solid waste include 
common volatile organic compounds such as toluene and dichloromethane. 


onlofitheiMuncipallsolidiWaste 
temperatures ranging from.900:to 


1000°C, The burning, of the solid was terials leaving behind the non- 


combustible materials and the ash resi 

The incineration may reduce the'volume o 

plastics and wood provide fuel for the fire. In:inci 
can runithe turbine and (electricity can‘be,produced.- 


Treatment:.of Industrial Waste ‘ 

The industrial and hazardous-wastes are: disposed off:in landfill: or the waste is first incinerated) and the'residual 
ash is then disposed off in the landfill. The landfill forthe hazardous waste is monitored more/regularly for the leakage:of 
the leachate:and its:design:is:a fi e 
and plastic so that:the leachate does not: contaminate soil and ground water, around, 
Incineration of industrial! and/Hazardous waste ; 

A general process: of high temperature, incineration system consists. of a rotary kiln which accepts allitypes.of 
wastes including liquid, solid'or sludge. The wastes are burned at-temperatures' between! 650°C to 100°C. Ash ‘fromthe 
rotating chamber is collected at waste tank and the remaining, liquid gaseous; materials are passed to the secondary 
chamber. This chamber is non-rotating and hence. the temperature range of 950°C to1300°C is maintained. In this 
es:are completely destroyed: The gases produced are'then cooledito 230°@\by evaporating water 
then passed through scrubber system which eliminates the surviving particulates and acid 
di wastewater produced in the rotating and secondary chambers are 


chamber organic-molecul 

. spray. The cooled gases are sed: 
formiiig’ components like GQ, Ash srésidues an 
“ disposed offiin the landfills. 


Spraying of water 


on |. = ——— 
Rotating a : ; j 
rotary Kins | | . . : Scrubber 


Liquid waste 


—-Gases. 


Wesie Ems Sheencery 5 
ora! chamber 2 

Waste Tank: 
for‘ash and 
waste water 


Incineration of industrial waste 


€ pisadvantages of the incineration process 


(iv) Heavy metals such as lead, cadmium, Mercury, 
Ps) 


Imost:same:as:that of landfill for the muncipal'solid waste,.except ithas more’lining of clay 
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Although the volume of soli : a 
following disadvantages; solid w | 


0) It is: not:a:clean process of the disposal of solid was , yet it has 


(ii) Incineration ofthe solid waste is a significant sour 


- : : 
, tes, as it produces air pollution and also toxic ash 
(iii) Smoke stacks from incineration may emit oxides : 


ce of dioxins which i 
s'a class of carcino 
: en co 
a nitrogen and sulphur which lead to acid rain eer 
+ may also be present in the leachate of the incinerators 


alRecycling ; 
. Invrecycling some of th rus 
e used!or waste materials:a i 
aes eee ipeas ema re not discardedafter.their initi 
tele vee eat ue Ls of recycling is to conserve sources such as ies fia a ee 
is educed by recycling of the materia REL ea 
ge ae aE Is. The most common domestic materials that are “ccjelel we 


(i) Recycting of paper . 


The largest item which is recycled. i i 

| ycled.is newspaper and in its recycli chlori 
Beeline ee organic solvents. is significantly less as catia ibifnaticn Phone ae ore 
processing of virgin newspaper. To improve the whiteness of the recycled newspaper it is ble Beat Toe oe 
newspaper or sometimes treated with peroxides and ‘hydrosulphites. In recycling process, the fi b Sans 
becomes shorter so it can be recycled again and again-for-five times. despre ea 


(ii)\;Recycling of Plastic 
The recycling of plastics is done by reprocessing, depolymerization oritransformation. 


(a) In reprocessing the used plastics are re-melted and styrene which is used for the manufacturing of diff 
products CB. the original use of polystyrene is for the manufacturing of foam, packaging, cutle: a nea 
butiafierits reprocessing itis used mostly for the manufacturing of toys, trays etc, » Ser 
The depolymerization is a process in which the.used plastics.are converted back into their original components b 
a_chemical or thermal process so that these can be subsequently polymerized again e.g, oly eth iene 
terephthalate can be thermally depolymerized in the presence of a catalyst and heat into its oiiginal Gorn ssieat ; 
ze ee a moces in which used plastics are converted into low quality substances which are later 
used for the production of other materials ¢.g., cracki hi ives i 
See cody ite nau ceitani ORE peers king. of polyethylene at ‘high temperatures gives its monomers 


Environmental chemistry is the branch of chemistry in which we’ study the sources, reactions, transportation and 
effects of the pollutants on the environment. The environment consists of our. components. 

The primary air pollutants are carbon monoxides, sulphur dioxide, sulphur trioxide, nitrogen oxides and 
hydrocarbons.’ ~ 

The acid rain is due to the oxides of sulphur and nitrogen whict get mixed with rain water inthe presence of 
pollutants to form sulphuric and nitric acids. The acid:rain affects the soil, water and sculptural materials. 

The main cause of photochemical smog is the presence of oxidants such as nitrogen oxides inthe atmospheres: 
The hydrocarbons alsojplay:a key-role for smog formation. 

The’ozone is a protective layer in the stratosphere which absorbs harmful ultraviolet radiation’ of the sun'and thus 
blocks them to reach on the earth. : : ‘ 

Water which is an essential:requirement for all the living beings on the earth is:being polluted iby livestock waste, 
oil spillage, detergents, pesticides and industrial wastes. The water pollution results in: many infectious diseases 
such as dysentery, typhoid, hepatitis and.in some cases also cancer. : 

The potable water is purified by aeration, coagulation and chlorination. Although chlorination ihas saved many 
thousand lives by killing viruses and bacteria, it also forms some chlorinated organic compounds 

in water which are toxic, ; ace. Fy 
The domestic municipal solid: waste consists of paper, plastic, vegetables; wood, glass, rubber, leather, textile, 
metals and food wastes. The waste whether domestic or industrial is managed by disposing it offin the sane 
it's initially incinerated and then the resulting ash is disposed offiin the land or in'}andfills. The cos OL 

in ocean, sea.and rivers have damaged the marine environment and caused health hazards for human Sey m 
Inthe recycling process instead of dumping the-waste products i.e., paper, plastic, glass and aluminiim, 
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Filliinithe:blanks. (e) Alums (d) Chloratnines 


MUNy Ozone molecules 
(a) 100 (b) 1oQ000 : e) 10008 


Fungicides are the pesticides which 
(A) contral the growth of firngus (b) kill insets 
Ecosystemis.a smaticrunitiol 


anisms and tl 
Gi) is-a:stnaller:unitioftbiosphere which consists of community: ollorganis heir 


interaction with environment. 


(iii) Carbon monoxide is highly poisonous .g 
e strongly thenoxygen-thus excluding oxygen from normalirespiration 
(iv) The'clevated!concentration of ____ is: hartafultfor fish as itclogs the gills thus:causing suffocation, 


(v)) ~ Thesozope tayer in aroun the globe and filters anostiof’ the parmfut rays in the suntight: before | 


they couldireach the carth. = iii) 1 nae : U 
‘(vi)’. The presence,of __ inilivestockwaste can contaminate surface-and havount water causing WPNteAton of purilowarter he eoagulantiused ts 
vi) . Th ence,of 
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F infection ‘lisw: 1508. (0 tenet tiple (5) copper alii phiate fe) baram sulphate (d} alumna 
various. infections:disvases. 
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(vii) The substances whieh:can directly Killihe uawanted organisms are aes SroceGBas wrong Waste 
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as and! causes suffocation if inhaled, it binds blood Mote Co) Ail pants (a) killers 
(1) lithosphere (0) hivdrosphere {c) athiosphere (d) biosphere 

The main poliuiint ofeather tanneries j Inde waste waters due the saltiof: 

Tay load > (b) chroiituan (Mb) {c) copper 


- 0 water. i ‘ : chloride fr ij 
G) Only ofithe total/earth’ Savaterresourees are s available asfreshi oi" =| A single chloride free radical ean desteuy how 
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(viii) is frequently used to disinfeetwater, CID to HOC. (hy 250 w SHOT {c) 950 to 1300'C (d)500 to 900°C 
‘Gix) Incineration is motia'cleaniproecss because iliproduces ain, pollution aindit toxic x Newspliper canbe recyeled apuin-midiagaiat by how miuny (imes. 
&® Auprocess in which some ofitlie:used or-the waste materials are notidiscarded | after their initia use but‘are (2 
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‘Therain having pt! Tessit dian 5 comlains i more acidic eantents due to. which it | 
is.acidic, : 


= : = oily, Chiorine_ : i th ; : _PAN is anoxidiziny agent and is irritantito eyes, z =a 1 
= = Freon ! . (fii) J (b).O4 ' : ; iChiorine praduces HarinfUBeomauaes like chloramines, CHG]; but O; docs 
. ; é | Chloride fréc radival is very_reactive so. it.can.destroy 100000, 0; molecules, | 
_. Indicate True ‘or false: E aa 1) ]M@) Controfithe growthof | Fungicide — fungi (fungus) + cide (to kill) | 
(i) + (Halfiofithe mass ofithie'atmospheze is concentrated iinilower 10/km. ; vel : t j{fangus— f = ————————— 
7Y pereentofithe canli. (vi) l(a) Biosphe “Ecosystem consists of communily of organisms and their interaction with 
cavironment while biosphere consists ofall regions:of.carth capable of 
} ssupportings! tow 


(it) The'oceans cover approniniately 
Giiy The volcanves priiduce 5397 of SQ:. f 

(iv) The tedicing smog is ducito the presence af nitric oxida, : : fin an Sai 
63) Ozone.is produced in the polar regions by the photochemical reaction oft joxygen: - : - : Wa u 
(vi) _Theitemperature injthe troposphiere decreases with the inercasing altitude from 15:10 — 56° C. ca 
\(wii))  Inginerationiis awaste'treatmem: process inuvhich'solidvasteiis diimpediinalland!fill. 

(viii) Avidirainis duc toltheipresence: of oxides of Suiphur and! Gu oe er lch germmisetivithithe rainwater. 
(ix) The'heavy metals:have asafe limit where they are noutoxic. 

Ge). ‘The reprocessing of the plasttes is: to:convert:back-to their components: by a chemical. orthermal proce 

~so)that these canibe used aie 
Answer ‘Key. 


In anelee process, the fibre cali ihe. CWEDIEGE becomes Sherer 50 it can nbe 
J srecycled agnin.and again:for-five times. 


What is Leachate? 
NO, is:a/Pollutant, comment: 
Write down'the role of: chiorofluoro carbons in destroying:ozone. 
Q3: Multiple choice questions. Encirelesthe correctianswer: a ae yourmean by a nee 
(i) The pHirange ofthe acidiriinis . ‘ What j { ) ne tee 
(ayies - - (BY6.5-6 (0) 6:56 ; nies 5 at isihydrosphere? Give its composition. 
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Why is ©zone layer depleting? 

Carbon monoxide is a main primary air pollutan’. 9 
What is acidirain and:how does it affect our environment: 

What is the importance of dissolved'oxygen in water? 

What is lithosphere? 

What is the antes to measure the acuta ozone inithe atmospher 
What are detergents? Give their types. 

What is the purpose: of ozone and what'is the ozone hole? 

What is meant by: lithosphere and! been 
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t. Give its effects.on the human beings. 


6 and'give its normal amoun 
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